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INTRODUCTION. 

It seems reasonable to assume that two stimuli may be so 
jiwiriv alike that to the unaided human senses they appear 
tdmdieal. A coin that is .slightly worn seems the same in weight 
al ,d thiekness as one more wow, although the micrometer or the 
analytical balance .Uncover a difference. So we speak of indis¬ 
tinguishable stinmli and of differences which are just noticeable, 
with the obuous implication that there are differences so smal 
that they always pass unnoticed. Nor is this assumptum confined 
tt) the rough estimate of practical affairs; it finds expression as 
well in the psychological laboratory, where it is 
the method of least noticeable ditTerene.es, which, m all its form, 
seeks to measure the amount of difference which ^J**£j* 
i,„tilled in its title. Constantly employed m many fruitful 
■ *■ f |.i H method yields a characteristic value, that 

TtLThn*li..lii Tit*- nirthcid ami ito rasulta arc! alike dflmiMt- 

-iri=s:^S=j*s=: 

*' UIWt,h ‘ rM * m f‘ i h , experimenter, however, soon learns that 
<ir is not perceived. 1 story __ tha t a still smaller 

Mi.'h jiul'lim-iiLs dc. W't Ml mid that the 

... U- l-a ’<"»» 

.W - W 

hctwi.i’ii U» »O a o£ the 

obviated only by repeated Inals, 
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method of constant differences with its various modes of treating 
the statistical results of the repeated trials. 1 

A measure of the reasonable expectation that any particular 
amount of difference will or will not be perceived can only be 
obtained in a direct attack by the constant method upon a com¬ 
plete series of differences, such as that covered in the method of 
least noticeable differences. This involves carrying out both the 
standard methods together to a completeness far greater than is 
usually attempted in either. The result is a survey giving the 
frequency of each type of judgment for each amount of difference, 
from a very small one to a large one. In contrast with the 
calculations or inferences involved in the incomplete forms of 
the standard methods, this combined form may be called the 
direct method. It affords an obvious way of approaching the 
relations expressed in Weber's law, and further, of examining 
the nature of the difference threshold itself. 

That the carrying out of a complete exploration, covering by 
small steps all the stages of difference between the stimuli, is 
entirely practicable within the limits of time prescribed by ordi¬ 
nary laboratory conditions, will be seen by considering the results 
of the experiments with lifted weights summarized in the 
accompanying tables. These results, covering 75,100 single 
comparisons, were accumulated with an expenditure of about 
250 hours in actual experimentation, a time which will not appear 
extravagant to anyone who is in the habit of counting up the 
hours put upon a special study. Of this only about thirty-five 
hours were required for the 14,000 comparisons with minimal 
differences (Table III, p. 24) which cover what is, in many 
respects, the essential part of the work. This speed can be 
maintained with satisfactory results, after only a little practice. 
Some of this time was wasted because the accumulation of data 
is greater than the proof of the points at issue requires. Perhaps, 

i On the relation between the methods of just noticeable differences and 
right and wrong cases, cf. Kraepelin, Phil. Studien 6, 1891, p. 493; Muller, 
Gesichtspunlcte u. Tatsachen d. psychophysischen Methodih, p. 179. In some 
cases the difference between the methods can be reduced to a difference in 
handling identical data; cf. Urban, The Application of Statistical Methods 
to the Problems of Psychophysics , 1908; Holt, Psych. Pev. 11, 1904, p. 349. 
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however, there is no harm in an excess of proof when the ground 
is new. At any rate, the experimental results accumulate with 
such fl.nrifl. 7 in g rapidity that economy of time offers no excuse for 
the constant substitution of methods of calculation (often of 
doubtful worth) in the place of straightforward experimenta¬ 
tion. 2 


2 It is remarkable that among all the elaborate researches m psyeho- 
nhvsies there'are none which present a full series of differences. The nearest 
approximations are: Lorenz, PHI. Studien 2, 1 f 85 ’ s0 ™ d ptA 4 

enees by steps of about 8% above and below standard S pace’ 

1887, sound; steps not less than 6%. Higier, PW. St. 7, 1892 , retinal space, 
4 standards; differences of 1, 2, 3, 4 and 5%. Kampfe, PHI. St. 8,1893, 
sound; 4 standards; differences by steps of %% from 0 to 6%. Mosch, 
P7ii7 Fit 14 1898 sound; only 6 differences including zero. 

Meth Beitr'dge z. psychophysischen Messungen 1898, Schriften d. 6 - schft f. 
pfychTpZthung, Heft I, weights; 15 standards; differences by steps of 
5%. Keller, Psychol. Studien 3, 1907, sound; differences by steps of 6%. 
Of these only Higier gives more than 100 cases for any one difference. 
Peiree and Jastrow, Mem. Nat. Acad. Sci. 3, 1884, pressure, give series 
which are longer but marred by strong practice effects. 
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II. 

DETAILS OF THE EXPERIMENTS. 

The present experiments are of the simplest sort. There are 
no obvious peculiarities of method or material to invalidate the 
general trend of the conclusions, or to prevent the extension of 
the argument to the judgment of differences between stimuli 
applied to other senses. Weights are particularly convenient 
because they are so easily controlled and can be handled with 
greater rapidity and accuracy than most stimuli. 

All the work was done by one observer between October 11, 
1908, and August 13, 1909. The observer was without previous 
experience in this kind of experiment and without prejudice or 
any definite understanding of the purpose of the experiment or 
of the experimenter’s expectations regarding the outcome. 3 

The weights, consisting of cylindrical tin boxes 2.5 cm. high 
and 4.5 cm. in diameter, with a ridge around the barrel half-way 
up, loaded with shot and paraffine, carefully centered and painted 
black, were lifted between the right thumb and middle finger, 
from above, with a full-arm movement. They were lifted from a 
silent, flat pad on the knees of the observer, who always occupied 
the same comfortable low chair, so that the relative position of 
hand and weight was kept as constant as possible. The weights 
were indistinguishable by sight (being labeled on the bottom), 
but the observer did not look at them nor at the record sheet. 

The weights were weighed to .001 gram and cheeked up fre¬ 
quently, never being found to have changed as much as .01 gram. 
In the series with minimal differences they were kept true to 
within .002 gram. 

The first set of experiments was performed between October 
11, 1908, and March 11, 1909. It comprises the first 22 series of 

3 To the writer’s wife, Jessie MiUIken Brown, is due the credit for the 
persevering help as observer, which, made these experiments possible. 
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Table I, pp. 14-15, and is broken up into the Groups A to Y of 
Table II, pp. 16-17. These data are used in the discussion of the 
distribution of judgments, the threshold, Weber’s law, time and 
space factors, practice, and variability. They comprise in all 
4T,800 judgments. 

In this set the differences between the weights ran by steps 
of one per cent, from 1% to 18% increase over the standard. 
Accordingly all the judgments were judgments of * ‘ greater. ’ 11 A 
difference of one'-half of one per cent, was also included in the 
series, making nineteen members in all. The space order remained 
the same throughout an entire group of experiments. Thus the 
left-hand weight was lifted second throughout Groups A to F of 
Table II. Three standard weights were used in rotation to avoid 
heating from the hand. In this set the experimenter knew the 
position of the weights before they were set down for the 
observer to lift. It does not appear that this possible source of 
error, which was necessitated by the procedure adopted, had any 
bad influence on the results. 

At one sitting five series, of 38 comparisons each, were taken, 
and in each series the order of the weights was determined by 
chance save that the standard came first as often as it came 
second. In this way 190 comparisons, taking about forty mmutes, 
were made at each sitting. One or two sittings were had daily. 
They were seldom more than twenty-four or less than eight hours 
apart. “Warming up” series were taken only when there was 
some change in standard or in space order; otherwise every judg¬ 
ment was recorded. 

The height and speed of lifting, which were left to the 


4 1 * many respects it would be preferable to use 

•f ™> 

psychologically * ® 7 2 4 etc f ’and consider how seriously their 

3 jud^enttJfeZpon that direction is essential, and sufficient. 
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observer to choose, were fairly constant at about 5 cm. height and 
a time of about % see. for each lift, with 14 sec. between lifts. 
There was an interval of about 3% sec. between pairs and sis 
minutes between series. Judgment—expressed by pushing for¬ 
ward, without further lifting, the weight chosen as heavier—was 
often indicated simultaneously with the return of the second 
weight to the pad; it was never delayed more than % second. 
The observer was required to indicate in every instance which of 
the two weights seemed heavier, and in ease no clear difference 
appeared, to guess. In all not over a dozen comparisons had to 
be repeated on account of hesitation or inability to decide. 

The observer’s attention was kept off from the time and spaee 
order and at the same time centered upon the main business m 
hand by avoiding all reference to “first” or “last;” “right” or 
“ left. ” The one idea ‘ ‘ this is heavier ’ ’ was thus kept to the fore 
and the observer had only to point out the weight upon which the 
judgment fell. It will be shown later that this Feehnerian pro¬ 
cedure is inferior in some respects to that of Muller and Schu¬ 
mann in which judgment falls always upon the second weight. 5 
The procedure adopted is however, the simplest and gives wholly 
satisfactory results. 

The second set of experiments, performed between April 20 
and June 7, 1909, consists of the ten series of Table III, p. 24, 
embracing in all 14,000 cases. The differences ran by steps of 
0.2 gram from 97.8 to 100.4. The number of standard weights 
was now increased to equal the number of pairs (14) in the series, 
and the pairs were re-mated at frequent intervals. This policy 
was pursued throughout the remaining experiments (except series 
23, Table I) and from this time on the experimenter did not 
know the relative position of the weights till after the judgment 
had been passed. The time interval between pairs was reduced 
to 2 seconds and no regular pauses were made during the sitting. 

s See p. 50, below. ,, £ 

The advantages claimed by Martin and^ Muller, p. 185, in. the matter of 
ease in handling the data are wholly imaginary; they fail to bring out the 
greater uncertainty of the judgment in the IPeehnerian procedure as indicated 
in their tables (p. 187) by a greater number of “equal” answers. 
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From 250 to 300 judgments were now made at a sitting. These 
data affect the discussion of the threshold, practice, variability, 
and other points. 

In the third set, performed between June 19 and July 14, 
1909, there were twenty pairs of weights, as indicated in Table 
IY, p. 31. There were 6,000 judgments in the set. The condi¬ 
tions were the same as in the one before save that the observer 
had to say whether the second weight was the same or heavier 
than the first. These data are used in criticizing the use of 
equivocal answers and in summing up on the “threshold.” 

The fourth set is composed of three groups of 200 cases each 
with nineteen pairs of weights in the set, making 11,400 cases in 
all (Table YU, p. 42). This work was done between July 16 
and August 8,1909. The data show the effect upon the distribu¬ 
tion, of different forms of expressing the judgment, and together 
with the preceding sets, the effect of the number and magnitude 
of the weights comprising the experimental series. 

The fifth set repeats the conditions of the first set for the 
purpose of providing a check. It comprises only one series (the 
23d in Table I) of 1900 cases and was carried out between August 
9 and 13, 1909. 
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in. 

THE DIFFERENCE THRESHOLD. 

Just tow much significance ttere is in tte concept of tlie 
difference ttrestold will only be known, after tte accumulation of 
experimental observations covering a number of complete explora¬ 
tions of tte various fields in wtict judgments of difference are 
met. Tte accompanying tables present tte results of suet an 
exploration in but a narrow portion of one field. 

Tte results of twenty-two successive experimental series of 
100 cases eaet are given in Table I. It exhibits tte number of 
correct judgments given upon tte comparison of each standard 
weight with other weights differing from it by tte amounts 
indicated, the figures being arranged in series of 50 to exhibit 
each possible time and space order separately. These data are 
then combined in the various groups of Table II, some of which 
are again represented graphically in fig. 1 (page 20). 

The principal evidence concerning the difference threshold is 
in Groups P to V (Table II and fig. 1). Here the standard of 
100 grams was compared with each of the nineteen heavier 
weights 1400 times (Group V), that is, 350 times in each of the 
four possible time and space orders. 6 Besides the constant and 
unavoidable illusions due to the order of presenting the weights 
(these will be considered in detail later), there are irregularities 
due either to chance or to idiosyncrasies of the observer, as for 
instance the exceptional number of correct judgments on the 
difference of 10 or 11 per cent, as compared with 12 or 13 per 
cent. None of those irregularities, however, obscures in the least 

e These orders as indicated in the tables are: 

Second weight greater than and to the left of the first (Group ir). 

Second weight less than and to the left of the first (Group Q). 

Second weight greater than and to the right of the first (Group fe). 

Second weight less than and to the right of the first (Group T). 

The standard is the lesser weight throughout this set of experiments. 
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the principal fact that even very slight differences of weight 
are at times recognized and that each slight _ increase m the 
amount of difference brings with it an increase m the frequency 
with which the difference is recognized. There is no difference 
down to 1% which cannot be recognized occasionally, and there 
is no difference up to 18% which will not be overlooked 

occasionally. 7 n . , 

The experimental results can be stated most simply m terms 
of attention. Not only are there states of critical attention m 
which very small differences are correctly noted, such small 
differences that they are usually overlooked, but these same small 
differences make themselves felt when attention is normal or sub¬ 
normal. A difference of 1% at any stage increases the number 
of right judgments. A difference so large as 17% is not per¬ 
ceived as many times as 18% and it must be that it escapes 
notice when a further increase of so little as one per cent, wou 

turn the balance of judgment. n 

A difference of 10% between weights of 100 grams and 110 
grams yields an average of 93.6 correct judgments per hundred 
with a mean variation of 3 for the fourteen series of a hundred 
cases (Group V, Table II). In other words, the attention was 
so poor that this difference was overlooked six or seven times m 
every hundred. Some part of those errors must of course be 
assigned to irregularities in the physiological mechanism. Such 
irregularities would result in the misrepresentation of one of 
the individual stimuli, and in the end, would produce a mu- 
judgment of the relation between the stimuli. But whether 
the lapses be due to lack of a veracious sensory impression from 
one or the other weight or whether they be due to a more general 
inattention and failure to coordinate properly the separa e 
impressions, makes little difference in the end. The result is a 
failure, through the fault of sensory or central processes, m the 
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TABLE I. 

Number of correct judgments out of 50 for each amount of difference. 


Series 

Standard 
in Grams 

2nd Weight in 
Relation to 1st 

A 

0.5 

la 

100 

greater, left 

27 

2a 

100 

greater, left 

20 

3a 

100 

greater, left 

25 

4a 

100 

greater, left 

26 

5a 

100 

greater, left 

26 

lb 

100 

less, left 

28 

2b 

100 

less, left 

27 

3b 

100 

less, left 

30 

4b 

100 

less, left 

31 

5b 

100 

less, left 

22 

6a 

50 

greater, left 

27 

7a 

50 

greater, left 

23 

8a 

50 

greater, left 

24 

9a 

50 

greater, left 

23 

10a 

50 

greater, left 

29 

6b 

50 

less, left 

22 

7b 

50 

less, left 

31 

8b 

50 

less, left 

20 

9b 

50 

less, left 

30 

10b 

50 

less, left 

27 

11a 

50 

greater, right 

20 

lib 

50 

less, right 

26 

12a 

100 

greater, right 

24 

13a 

100 

greater, right 

21 

14a 

100 

greater, right 

21 

15a 

100 

greater, right 

14 

16a 

100 

greater, right 

25 

12b 

100 

less, right 

38 

13b 

100 

less, right 

24 

14b 

100 

less, right 

25 

15b 

100 

less, right 

29 

16b 

100 

less, right 

21 

17a 

100 

greater, left 

27 

17b 

100 

less, left 

38 

18a 

100 

greater, right 

23 

18b 

100 

less, right 

20 

19a 

100 

greater, left 

36 

19b 

100 

less, left 

30 

20a 

100 

greater, right 

34 

20b 

100 

less, right 

29 

21a 

150 

greater, left 

22 

21b 

150 

less, left 

25 

22a 

150 

greater, right 

25 

22b 

150 

less, right 

24 

23a 

100 

greater, left 

25 

23b 

100 

less, left 

26 


of Difference in per cent, of Standard 
2 3 4 5 6 


31 

28 

36 

41 

41 

43 

29 

29 

35 

36 

40 

43 

31 

34 

33 

41 

40 

37 

25 

27 

34 

33 

36 

44 

31 

32 

40 

37 

39 

46 

25 

34 

34 

33 

33 

40 

27 

36 

41 

38 

40 

41 

30 

27 

27 

32 

37 

41 

34 

27 

30 

39 

40 

38 

22 

25 

26 

35 

34 

35 

33 

32 

33 

40 

42 

39 

24 

27 

27 

35 

32 

32 

25 

26 

36 

34 

33 

40 

28 

31 

33 

38 

29 

37 

22 

23 

29 

40 

37 

37 

30 

24 

29 

37 

32 

37 

30 

33 

29 

37 

36 

43 

26 

34 

36 

38 

37 

41 

26 

32 

33 

29 

36 

41 

26 

32 

28 

27 

37 

40 

22 

27 

28 

30 

35 

34 

25 

27 

37 

40 

38 

42 


26 

26 

32 

40 

44 

39 

28 

33 

37 

31 

39 

37 

22 

22 

34 

42 

44 

33 

25 

29 

37 

29 

34 

37 

27 

29 

34 

39 

44 

42 

34 

36 

35 

38 

47 

46 

27 

37 

41 

38 

47 

43 

27 

33 

35 

36 

42 

42 

31 

29 

39 

34 

37 

42 

25 

31 

35 

33 

39 

36 

24 

29 

33 

42 

37 

36 

27 

34 

35 

35 

37 

44 

30 

32 

37 

32 

41 

41 

30 

32 

33 

32 

40 

43 

29 

37 

36 

39 

43 

43 

32 

32 

36 

40 

45 

47 

31 

33 

39 

39 

37 

41 

30 

30 

31 

36 

37 

38 

27 

29 

43 

36 

44 

40 

31 

32 

39 

44 

42 

46 

30 

34 

36 

40 

44 

43 

23 

29 

35 

34 

39 

39 

25 

29 

31 

42 

42 

46 

33 

35 

38 

34 

43 

41 
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TABLE I— (Continued). 

Number of correct judgments out of SO for each amount of diference . 

Amount of Difference in per cent, of Standard 


Series 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

la 

49 

48 

46 

46 

49 

47 

50 

50 

49 

50 

50 

50 

2a 

40 

43 

44 

46 

49 

47 

48 

49 

48 

48 

49 

50 

3a 

38 

45 

47 

49 

50 

48 

50 

50 

49 

49 

50 

50 

4a 

42 

48 

48 

48 

48 

50 

49 

50 

49 

50 

50 

50 

5a 

44 

46 

45 

49 

49 

50 

49 

50 

50 

49 

50 

50 

lb 

40 

36 

42 

40 

47 

39 

43 

46 

47 

48 

48 

48 

2b 

41 

43 

47 

45 

46 

47 

46 

44 

50 

48 

50 

50 

3b 

39 

43 

36 

45 

44 

45 

47 

48 

46 

48 

43 

46 

4b 

37 

39 

42 

48 

46 

45 

46 

46 

49 

46 

50 

48 

5b 

37 

34 

43 

40 

44 

42 

42 

44 

47 

46 

46 

50 

6a 

45 

43 

44 

44 

47 

49 

50 

49 

49 

49 

47 

50 

7a 

39 

41 

32 

42 

45 

43 

45 

43 

48 

50 

43 

48 

8a 

42 

44 

44 

45 

46 

49 

50 

49 

48 

48 

47 

50 

9a 

40 

44 

46 

47 

46 

46 

47 

48 

50 

50 

50 

50 

10a 

42 

45 

42 

45 

47 

46 

47 

49 

49 

47 

50 

50 

6b 

40 

44 

36 

43 

47 

41 

38 

45 

44 

48 

48 

46 

7b 

41 

44 

45 

43 

44 

48 

45 

48 

46 

49 

48 

50 

8b 

41 

41 

47 

43 

44 

43 

48 

49 

48 

50 

49 

48 

9b 

45 

44 

37 

44 

45 

46 

49 

48 

49 

49 

48 

50 

10b 

43 

47 

47 

49 

48 

49 

46 

48 

49 

48 

50 

50 

11a 

35 

37 

44 

40 

44 

42 

48 

45 

48 

49 

49 

47 

11b 

47 

44 

44 

42 

44 

49 

49 

49 

49 

50 

50 

50 

12a 

45 

42 

47 

48 

48 

49 

49 

49 

50 

50 

50 

50 

13a 

46 

42 

48 

47 

50 

49 

50 

50 

50 

50 

50 

50 

14a 

46 

42 

46 

45 

50 

48 

48 

50 

49 

50 

50 

50 

15a 

43 

47 

44 

47 

48 

49 

50 

49 

50 

49 

50 

50 

16a 

42 

45 

44 

49 

49 

50 

47 

50 

50 

50 

50 

50 

12b 

45 

44 

45 

49 

50 

49 

48 

50 

50 

50 

49 

50 

13b 

47 

45 

46 

47 

48 

50 

49 

49 

50 

50 

50 

49 

14b 

38 

45 

45 

44 

49 

48 

50 

50 

49 

50 

49 

50 

15b 

43 

42 

45 

50 

49 

48 

50 

49 

49 

50 

50 

50 

16b 

41 

44 

41 

46 

45 

48 

47 

49 

48 

50 

50 

50 

17a 

41 

48 

44 

48 

50 

50 

46 

49 

49 

50 

50 

50 

17b 

43 

45 

45 

48 

47 

47 

47 

49 

49 

49 

49 

49 

18a 

43 

45 

47 

49 

50 

48 

49 

50 

49 

49 

50 

50 

18b 

44 

40 

47 

43 

47 

48 

47 

48 

49 

50 

49 

50 

19a 

48 

45 

49 

50 

50 

49 

50 

50 

50 

50 

50 

50 

19b 

45 

48 

43 

49 

49 

49 

50 

49 

50 

50 

50 

50 

20a 

42 

50 

49 

47 

49 

50 

50 

50 

50 

50 

50 

50 

20b 

43 

42 

39 

49 

46 

46 

50 

49 

49 

49 

48 

50 

21a 

49 

45 

49 

48 

48 

49 

50 

49 

50 

50 

50 

50 

21b 

42 

50 

46 

49 

47 

49 

49 

49 

50 

49 

50 

50 

22a 

47 

48 

48 

48 

47 

49 

50 

50 

50 

50 

50 

50 

22b 

43 

44 

43 

47 

45 

45 

48 

47 

49 

47 

49 

49 

23a 

47 

49 

47 

49 

50 

50 

50 

50 

50 

50 

50 

50 

23b 

43 

43 

46 

47 

49 

46 

50 

50 

48 

50 

50 

50 
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TABLE II. 

Average number of correct judgments for each amount of difference. 


Average 

of 


Standard 2nd Weight 
in in Relation 

0.5 

Differences In per cent, of Standard 


Series 


Grains to 1st 

1 

2 


4 

5 

& 

la-5a 


100 greater, left 

248 

20.4 

30 

85.6 

87.6 

89.2 


m.v. 

of the 5 mrim of 50 

1.9 

1.9 

9.4 

1.9 

2.7 

1.4 


6a-10a 


50 greater, left 

25.2 

26.4 

27*8 

81,6 

87.4 

84.6 



m. v. 

of the S mrim of SO 

2.2 

O 

8 

9.9 

8.8 

8.9 

M 

lb-51) 


100 less, left 

27.6 

27.6 

29.8 

81.6 

85.4 

86.8 

80 

m.v. 

of the S Mirim of SO 

8.8 

n.s 

4,1 

4,7 

2.5 

2.5 

m 

6b-10b 


50 less, left 

26 

27.6 

81 

81 

88.6 

85.6 

40** 

m.v. 

of the S mrim of $0 

4 

1.9 

9.8 

8.8 

4.5 

1.4 



E 

1-5 (a + b) 100 

left 

58,4 

57 

59.8 

67.2 

7$ 

76 

41,# 


m.v. of the 5 m-rim of too 

8.9 

2.4 

3,4 

4.5 

.8 

2 

Jf 

F 

6-10 (a -4* b) 80 

left 

514 

54 

58,8 

62.6 

71 

70 * 

77-* 


m.v. of the S mrim of 100 

4 

8.8 

9.6 

4.7 

3.2 

8 

s *T 

G 

9<a*fb) 50 

lift 

53 

54 

62 

66 

m 

65 

70 

H 

5 (a + b) 100 

left 

48 

52 

57 

66 

72 

73 

at 

I 

21 (a + b) 150 

left 

47 

58 

61 

82 

80 

86 

am 

J 

11 (a 4" b) 50 

right 

48 

47 

54 

65 

70 

73 

7« 

K 

16 (a 4- b) 100 

right 

46 

82 

80 

69 

72 

H3 

7 m 

h 

22 (a 4- b) 150 

right 

49 

58 

68 

71 

74 

83 

sst 

M 

9, 11 (a 4- b) 80 

all orders 

49.5 

50.5 

59.5 

65.5 

68.5 

69 

77 

N 

6, 18 (a 4" b) 100 

all orders 

47 

52.5 

88.5 

67.5 

72 

78 

70.* 

O 

21, 22 (a 4- b) 150 

all orders 

48 

85.6 

62 

76.6 

77 

84.5 

841 

V 

1-5, 17, 10 (a) 100 

greater, left 

26.7 

28.6 

80.9 

35.3 

38.4 

39.4 

41.1 


m.v. of the 7 mrim of SO 

2.7 

8,8 

8 

1.8 

2.7 

1M 

M 

Q 

1-5, 17, 19 (b) 100 

leas, left 

28,7 

2H. 1 

30.7 

32,7 

86 

38 

40.0 


m.v. of th§ 7 

mrim of SO 

ts 

8,3 

9.7 

4.3 

2.7 

8.1 

3V7 

R 

1-5,17, 10 (a 4- b) 100 

left 

55,4 

56*7 

61.6 

68 

74.4 

77.4 

an m 


m.v of the 7 mrim of 100 

8,8 

8J 

8,4 

4 

2 

6.6 

ajf.T 

8 

12-16, 18, 20 (a) 100 

greater, right 

28.9 

n 

29.1 

35,7 

36 

40.4 

30,0 


m.v. of the 7 

Merit’* of SO 

4,8 

2,8 

S 

2 

4,5 

8.4 

atf .s* 

T 

12 - 16 , 18 , 20 (b) loo 

less, right 

26.6 

20 , t 

82.4 

85.6 

35.3 

41.8 

4 1 .A 


m,v. of the 7 

mrim of BO 

4.8 

2.4 

2.3 

2.5 

2 

2 

m,m 

V 

12-18, 18, 20 (a 4“ b) 100 

right 

60,6 

56.1 

61,7 

71,1 

71.3 

81.7 

an 


m.v of the 7 Mnim of too 

8.8 

8,6 

8,8 

8,5 

8.1 

8,5 


v 

1-5,12-20 (a 4-b) 1O0 

all orders 

m 

86.4 

61.1 

66.6 

7%M 

79.6 

m% » 


m.v. Of (he 14 

mrim of IOO 

8M 

8.8 

8,0 

6.6 

8,9 

6.6 
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TABLE II— (Continued ). 

Average number of correct judgments for each amount of difference. 


§ 

o 

u 




Differences 

in per 

cent. 

of Standard 



18 

$ 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

A 

42.6 

46 

46 

47.6 

49 

48.4 

49.2 

49.8 

49 

49.2 

49.8 

50 

m.v. 

3.1 

2 

1.2 

1.3 

.4 

1.3 

.6 

.3 

.4 

.6 

.3 


B 

41.6 

43.4 

41.6 

44.6 

46.2 

46.6 

47.8 

47.6 

48.8 

48.8 

48.4 

49.6 

m.v. 

1.7 

1.1 

3.8 

1.3 

.6 

1.9 

1.8 

1.3 

.6 

1 

1.3 

.6 

0 

38.8 

39 

42 

43.6 

45.4 

43.6 

44.8 

46 

47.8 

47.2 

48.4 

48.4 

m.v. 

1.4 

3.2 

2.4 

2.9 

1.1 

2.5 

1.3 

.3 

1.4 

1 

1.3 

1.3 

D 

42 

44 

42.4 

44.4 

45.8 

45.4 

45.2 

47.6 

47.2 

48.8 

48.6 

48.8 

m.v. 

1.6 

1.2 

4.7 

1.8 

1.4 

2.7 

3 

1 

1.3 

.6 

.7 

1.4 

E 

81.4 

85 

88 

91.2 

94.4 

92 

94 

95.8 

96.8 

96.4 

98.2 

98.4 

m.v. 

3 

2.4 

2 

3 

.9 

2.4 

1.6 

1 

1 

.9 

1 

1.3 


83.6 

87.4 

84 

89 

92 

92 

93 

95.2 

96 

97.6 

97 

98.4 

m.v. 

1.7 


4.8 

2.8 

2 

1.2 

3.2 

2.2 

2 

1.3 

1.6 

1.3 

G 

85 

88 

83 

91 

91 

92 

96 

96 

99 

99 

98 

100 

H 

81 

80 

88 

89 

93 

92 

91 

94 

97 

95 

96 

100 

I 

91 

95 

95 

97 

95 

98 

99 

98 

100 

99 

100 

100 

J 

82 

81 

88 

82 

88 

91 

97 

94 

97 

99 

99 

97 

K 

83 

89 

85 

95 

94 

98 

94 

99 

98 

100 

100 

100 

L 

90 

92 

91 

95 

92 

94 

98 

97 

99 

97 

99 

99 

M 

83.5 

84.5 

85.5 

86.5 

89.5 

91.5 

96.5 

95 

98 

99 

98.5 

98.5 

N 

82 

84.5 

86.5 

92 

93.5 

95 

92.5 

96.5 

97.5 

97.5 

98 

100 

0 

90.5 

93.5 

93 

96 

93.5 

96 

98.5 

97.5 

99.5 

98 

99.5 

99,5 

P 

43.1 

46.1 

46.1 

48 

49.3 

48.7 

48.9 

49.7 

49.1 

49.4 

49.9 

50 

m.v. 

3.3 

1.6 

1.6 

1.1 

.6 

1.2 

1 

.4 

.5 

.7 

.2 


Q 

40.3 

41.1 

42.6 

45 

46.1 

44.9 

45.9 

46.9 

48.3 

47.9 

48.7 

48.7 

m.v. 

2.3 

4.1 

2.1 

2.9 

1.3 

2.5 

1.9 

1.6 

1.4 

1 

1.2 

1.2 

R 

83.4 

87.2 

88.7 

93 

95.4 

93.6 

94.8 

96.6 

97.4 

97.3 

98.6 

98.7 

m.v. 

4.5 

3.5 

2 

3.7 

1.4 

2.8 

2.3 

1.5 

1.2 

1.5 

1.1 

1.2 

S ' 
m.v. 

43.8 

1.5 

44.7 

2.7 

46.4 

1.5 

47.4 
‘ 1 

49.1 

.7 

49 

.6 

49 

.9 

49.7 

.4 

49.7 

.4 

49.7 

.4 

50 

50 

T 

43 

43.1 

44 

46.9 

47.7 

48.1 

48.7 

49.1 

49.1 

49.9 

49.3 

49.9 

m.v. 

2 

1.6 

2.3 

2.1 

1.5 

.3 

1.2 

.5 

.5 

.2 

.6 

.2 

U 

86.8 

87.8 

90.4 

94.3 

96.8 

97.1 

97.7 

98.8 

98.8 

99.6 

99.3 

99.9 

m.v. 

2.7 

1.8 

2.7 

2.2 

1.7 

1 

1.3 

.5 

.7 

.5 

.6 

.3 

V 

85.1 

87.5 

89.5 

93.6 

96.1 

95.3 

96.2 

97.7 

98.1 

98.4 

98.9 

99.3 

m.v. 

3.9 

2.7 

1 ^ 

2.4 

3 

1.6 

2.4 2.5 

1.4 

1 

1.4 

2 , 

.3 

.9 

1 
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apprehension of an actual difference between the stimuli which, 
at a moment of better local or general attention, did not fail to 
make itself felt. 

At 18% of difference such lapses of attention occurred only- 
seven times in a thousand trials, while with only 1% of difference 
between the weights they occurred 436 times in a thousand. When 
there are only 7 mistakes in a thousand, as is the case with a 
difference of 18%, they are readily accounted for as lapses of 
attention. But there are 11 mistakes at 17% and 16 at 16%; 
at 7% there are 149, and at 1% there are 436. Are we to say that 
the explanation which holds for 7 mistakes in a thousand will 
not hold for 11 ? There is no very apparent difference between 
the eases. But why stop at 11 or 16 ? The ease is no different 
for 149 or for 436. It is unusual, indeed, to find such a multitude 
of lapses and perhaps another name would better fit the ease, 
but certainly there is no point in the series at which a line can 
be drawn on one side of which all the mistakes are of one sort 
while on the other side they are of another sort. 

When such a line is taken arbitrarily for certain practical 
purposes, it may be called, properly enough, the threshold. But 
in that ease the threshold means a difference which can win the 
attention so many times in every hundred trials. The number of 
times per hundred which is to be selected as the threshold value 
is determined by extraneous considerations such as the mathe¬ 
matical advantage afforded by the probable error, or the experi¬ 
mental advantages of such percentages as prove to be least (or 
most) affected by practice or by order of presentation. The 
particular number of correct judgments which some difference 
between stimuli yields is not itself significant; a ratio of 50 or 
75 per hundred has no advantage over any other. The various 
numbers yielded by various differences form a continuously 
graded series, in which the quality of the judgment must be 
regarded as a constant, independent of the number of times it 
occurs. 

Even those who define the threshold in unexceptionable 
mathematical terms as the point where half or three-quarters of 
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all the answers are right, are however, prone to slip back into 
expressions which imply that judgments below the threshold, 
if they do occur, as they must according to the theory of prob¬ 
abilities, are somehow different from those above. They are apt 
to attribute to the threshold a real existence as a turning-point 
for judgment—the point where judgments of difference emerge 
from the region where no difference is felt— and this inclination 
gives to the mathematical definition a psychological interpreta¬ 
tion which does not belong to it. 

That Weber’s law is so commonly stated in terms of thresholds 
rather than of 40 or 90 per cent, of correct judgments is only one 
indication of this silent assumption that the threshold is a par¬ 
ticularly noteworthy or critical point in the judgment series. 
The constant employment of the method of just noticeable differ¬ 
ences, as well as the retention of “equal” or “no difference” 
judgments in the method of right and wrong cases, despite the 
warnings many years ago of Cattell and Jastrow, has fostered the 
idea that it is desirable to find a point where a difference in 
sensation first appears, just as it is deemed desirable to find a 
point in the scale of physical intensities where a sensation quality 
first appears. The actual distribution of errors does not, how¬ 
ever, indicate that there is a virtue in any particular number of 
judgments by which one is warranted in asserting that if there 
were fewer of them they must be different in kind. So far as 
the threshold implies that ‘subliminal’ differences provoke a 
judgment different in quality from those due to larger differ¬ 
ences, it is a misleading concept, and unsupported by fact. 

Even if it be true that a greater feeling of confidence accom¬ 
panies judgments which are based on considerable differences 
and that loss of assurance follows upon an increase in the number 
of errors, it is only a change in the observer’s thought about his 
judgment and does not affect the actual frequency of the judg¬ 
ments. The question is, can a difference be perceived or not? 
It matters little what the confident feelings of the observer may 
be, so long as he can perceive the true relations some part of the 
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time correctly.* The experiment shows that even very small 
differences are perceived correctly part of the time and that 
they always tend to increase the number of right judgments. 
Then* is no evidence of the existence of a difference threshold in 
the ordinary sense of the term. Its reported appearance is 
generally attributable to an error of experimental method which 
will be considered directly; very often a feeling of assurance is 
mistaken for its appearance; in the remaining cases it will bear 
restatement in terms of the ratio between the number of right 
and wrong judgments. 


» Apparently the only attempt to discover the actual course of judgments 
for very small differences m the classic work of Peirce and Jastrow, Mem. 
JVftf. dtml tin. *1 t 18H4, They make out clearly that small differences give a 
majority of right answers, hub the force of this evidence in criticism of the 
ordinary conception of the threshold has since been almost wholly ignored. 
They used a method of double comparison and they encountered an improve¬ 
ment with practice by which each difference increased in clearness during 
the course of each series, The present experiments without those peculiarities 
mid with a very long series give assurance of the justice of them attack on 
the threshold. 
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IV. 

THE PERCEPTION OF MINIMAL DIFFERENCES. 

At the beginning the observer was wholly unused to repeat¬ 
ing a judgment of small differences time after time in the 
manner required by the conditions of such experiments, and her 
interest could not be maintained at a proper pitch without 
constant correction and the assurance that each difference was 
yielding a majority of correct answers. Differences so small that 
they would not yield a fair majority of right judgments were 
therefore precluded, and the region just about the point of 
apparent equality remained unexplored, leaving the possibility 
that differences less than one-half of one per cent, (the smallest 
of the series) might be virtually equal to zero. There was the 
possibility also that the zero point might be seriously displaced 
by some of the constant tendencies which are known to affect 
judgments of this kind and in that case the number of correct 
answers yielded by the difference between 100 and 100.5 would 
be deceptive because two weights of 100 would not appear equal 
and would not afford the proper starting point for calculation. 

"When, therefore, at the end of some five months of practice 
once or twice daily, the observer ceased to take much interest in 
the corrections or in the preponderance of right answers, it 
seemed desirable to introduce cases involving little or no differ¬ 
ence and slight negative differences as well. 

In the new series the standard was kept at 100 grams and the 
differences ran by steps of 0.2 gram above and below this. 
There were fourteen pairs ranging from 97.8 grams to 100.4. No 
corrections were made, and the experimenter did not know what 
pair had been given until after judgment was passed by the 
observer. In all other significant respects the conditions were the 
same as those of the preceding series. 
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Since the difference betwen the various time and space orders 
has no immediate connection with the discussion of the threshold, 
only one arrangement was used in the series; the standard was 
always on the right-hand side and lifted first. This corresponds, 
essentially, to Group P of the preceding series (2d greater and 
left) for the second feels greater the larger part of the time even 
though it is generally less in actual weight. Needless to say the 
observer was ignorant of the arrangement of the weights. 

The observer was by this time fully aware of her tendency to 
call the left-hand (second) weight heavier, and she was given 
to understand that it would appear so somewhat more than half 
the time. Since it was not possible to predict the force of this 
constant tendency nor to guarantee its constancy, no attempt was 
made to get the same number of differences above and below the 
point of apparent equality. Preliminary exploration gave 98.6 
as the weight which would appear equal to 100, and four steps 
were taken below this to allow a safe margin; but as a matter of 
fact 98.4 is the weight that balances 100 and only three of the 
fourteen weights are below this. The second weight was judged 
heavier than the other 7786 times out of the 14,000 trials. 

The results of 1000 judgments on each of the fourteen pairs 
are given in Table III and fig. 2. Bach increment of 0.2 
gram produces a corresponding increase in the number of times 
the second weight is judged heavier than the standard. With the 
standard preceding and on the right hand, a second weight of 
98.4 appears almost equal to it, i.e., either weight is judged to be 
heavier the same number of times. If however, the second weight 
is as much as 0.2 gram (two parts in a thousand of the standard) 
heavier or lighter it does not, in the long run, appear equal. 
This absolute increment is small, and the relative increment very 
small. It is not necessary to employ smaller differences in order 
to show that any difference, no matter how small, is perceptible 
in the course of a number of trials sufficient to eliminate acci¬ 
dental disturbances. There is no “least perceptible difference ; 
the threshold has passed the vanishing point. 

The threshold is not a point in the scale of differences such 
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that a smaller difference will always appear equal to no differ¬ 
ence ; so much is indicated by these experiments. The previous 
experiments with larger differences indicate that it is not a 
point such that larger differences are always perceived cor¬ 
rectly. The only conception of the threshold which is compatible 
with observation is that of a difference which yields a certain 
proportion of right and wrong answers. In this case the term 
becomes merely a short expression for a statistical relation with 
which it has no intrinsic connection, and may become a source 
of confusion because equally applicable by different persons to 
different proportions of right and wrong answers. 

If it is true, as these experiments seem to prove, that the 
threshold has no significance beyond the statement of an arbitrary 
mathematical relation between the frequencies of different judg¬ 
ments, would it not be better to omit the term altogether and 
retain only the direct statement of the frequencies ? If one means 
to say that 50% of the answers are right, it would seem more 
simple to state that ratio without cumbering it with the dubious 
implications of the traditional term “ threshold. ” 

If, on the other hand, the threshold can justify its existence 
in purely psychological terms as the point where differences first 
seem to become perceptible, it will more than ever forfeit its 
claim to employment in an exact mathematical discussion. Each 
experimenter who employs it with a real psychological meaning 
will do well to eschew statistical treatment until he can show for 
what proportion of right answers he is making it stand and 
within what limit it actually represents that figure. 

The conditions of experimentation usually preclude a correla¬ 
tion of the proportion of right and wrong judgments with the 
feelings of confidence which determine the subjective threshold 
of perception. But without a special correlation between them it 
is not proper to speak of the one as if it had meaning in terms 
of the other, of the subjective threshold of doubt or certainty as 
if it implied a normal majority of right judgments, or of the 
mathematical threshold at 50% as if that figure necessarily 
marked the division between uncertainty and confidence. 
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On the whole, much misunderstanding will be avoided by con¬ 
fining the terms limen and threshold to the points marked by 
some specified degree of confidence, while the more exact measure 
of sensitivity and discrimination in terms of the proportion of 
right judgments is limited in statement to the mathematical 
terms which are proper to it. 
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V. 


FNKQl r I VOt ’ A11 AN'S W K RS. 


The method, as in tin* present ease, by finding the 

frequency with which melt type of judgment occurs with any 
amount of difference, aims to discover whether <>r not there is 
any psychological threshold or any point where judgments of a 
partieulnr kind begin or leave off. Thin aim is defeated unless 
the kinds of judgment employed are mutually exclusive, Evasive 
answers such ns “equal,” “don’t know,” or “no difference, * * 
permit the oliserver to avoid forming a judgment in just those 
eases where it is most important to discover whether or not a 
correct judgment can he formed, Any method of counting suelx 
answers begs the whole question hy assuming to know what the 
‘ observer himself would not tell, namely, how strong an inelina- 
| turn he had to judge uni* way or the other, that is. how great a 
probability there was that a certain judgment would have been 
made if it hail been necessary to make one, 1 ' 

That, the classes of judgments may hi* mutually exclusive and 
that the tables of frequency may have a siguitiennee indeperulexxt 
of the peculiar coloring that each observer attaches to his words, 
it is necessary to start with simple alternatives. One form of 
the method of just noticeable differences meets this condition 
with the alternative expressions ‘difference’ or ‘no difference.* 1 ''* 
The method of serial groups” also meets the condition in tlu* 
same terms. If, on the other hand, the presence ot a different 1 !** 
is guaranteed, the two direct ions become simple alternative*?* 
the second weight is “greater” or “h.«“i under condition?* 


Mtriiiui, ApjitimUMi u( Xtutmumt l'e/< A,.j,ftv«»es, p. ItWl, 

Utets that a aub.twl will overt..*,.-eriaoi Unf.,('«•».>*..',<* jUr«** ' 

ton iw.ttfmei.t. if fereeit, Of. .taitwv*, ,lm, IV/,-hot. l, IHS/, ana 

Fullwl^ii ami ^fittHl, On thfi uf Wm«ill 

w %U*rM t mi HimUm •*, lH*«s j», 

tmjtiml M«n\ % H>Mo, 
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which make it possible to repeat the experiment at will with 
the assurance that the judgments are unequivocal and that every 
least intluenee will appear on the one side or the other, no third 
alternative remaining. Unless such simple alternatives are 
insisted upon, a certain portion of the cases remain undetermined 
and the whole distribution is invalidated. The observer can put 
his own interpretation (and there is no guarantee of his con¬ 
stancy) upon the 4 ‘equal” or “don't know” e-lass, making it 
the repository alike of eases where there is a difference of which 
he is not very sure or which are uncertain in point of direction, 
and of eases which present no apparent difference; it is there¬ 
to re uncertain how many of these judgments belong in any one 
category, 1 '* 1 

With the conviction that; the unequivocal alternative between 
“this is heavier” and “that is heavier” is the most; natural and 
most psychological basis for the expression of judgments upon the 
relation between weights, all the preceding experiments were east 
in that form. But in order to escape, the probable objection that the 
character of the results is largely dependent upon this arbitrary 
limitation of the expression of judgment, a series was introduced 
in which the alternative* was of a different sort. In this series 
there were twenty weights: two each of 99.5, 100, 100.5, 101, 102, 
iu:i, ami one each of 104, 105, 100, 108, 110, 112, 114, amt 116 
grams. The 100 gram standard was given first ami on the right- 
hand side, and the observer was so informed. While several of 
the weights were but little removed in amount from the standard, 
yet all of them were such as would normally appear, in this 
posit inn, heavier rather Hum lighter. Tin* observer was informed 

tv |*W a vigorous statement ot the objections to this procedure see 
Muller, (kmehtupunkit^ p. H; Wrench nor, op, eit., p, Merkel, Phil, 
Hindu n 7, p. rm, lu favor of the method of. daslrow, Am, Jo urn, Pni/rh, 1, 
|ss7, p. :IH1; Kraopelia. Phil. Htudirn, <>, 1H01, p. 4M; Fullerton and Oattell, 
Hmull iHffrrrm*ra f p, 127 . A full dismission with references in to bo found 
in TUehener, AVp, Pnpt'hoL II, part 2, p. 2H5 fT. It is a question of fact 
whether or not the observer is disturbed by being forced to judge; most 
idr^rvmvi find no difficulty in deciding if only they are assured that there m 
always a difference; the present observer was very seldom compelled to guess. 
Home experimenters are quite willing to forego “equal” judgments ami 
otlieni to give up “uncertain”; both can be discarded without subjective 
Imit, 
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that there were eases whore the weights were the same and where 
they were different (always the second heavier) and that she 
was to decide whether or not in any particular ease the different 
was present She designated the two eases “same” and “heavy** 
referring to the second weight. At first; there were some eases in 
which the first (standard) seemed heavier (see east's prefixed by 
minus sign in Table TV), hut these gradually ceased as the 
observer tended to assimilate all such east's to tho “same 
category. No corrections were offered and all the conditions 
were the same as in the preceding series. 

The results of! this series ((>00 comparisons of the small 
differences ami 300 of the larger ones. Table IV) show sub¬ 
stantial agreement with the other series. Each increase in tin- 
amount of! difference increases the probability that it will be 
perceived, T.r., that the two weights will not appear the sum*-. 
There are lapses with the large differences, as in the first series, 
but these are not so frequent, possibly beeause of greater praet icc 
and possibly because of the larger proportion of small differences 
in the series. Tin* results of this series are not so regular hh 
those of Table III (minimal differences) hut they are sufficiently 
regular to show that there is no break between the classes of 
“same” and “different”; each amount of difference elicits a 
certain proportion of judgments of either sort. There is no 
evidence that the choice of a particular kind of alternative is 
responsible for the steady grading off of the number of judg¬ 
ments from a maximum in one category {such an “left greater'* 
or “same”) to a maximum in the opposite category. 

This part of the experiment dot's* however, furnish abundant 
evidence to justify one in forcing the observer to state in every 
case which weight is heavier. The category “same" or “tan 
difference” turns out to he unnatural and unsatisfactory to I tic 
trained observer. After about 40(H) of these comparisons the 
observer made the remark “thorn* two are exactly the same* mnl 
that is the first pair that haw been so." This remark is indicative 
of the whole situation. Starting with the assumption that thin 
series would be lens exacting that the other because it did not mill 
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for so explicit a decision, it soon became evident that it was more 
exacting on that very account. The quality of sameness rarely 
or never occurs pure. It is necessary to decide in each instance 
how near alike the two things are and then decide whether that 
amounts to equality. In other words, one must maintain a 
mental standard of equality. As one becomes more or less 
scrupulous this standard is liable to vary; impressions that at one 
time seemed slightly different now pass for the same. This is 
evidenced in the present case by the decrease of judgments ‘ ‘ first 
greater” as the observer came to accept these as cases of equality. 

Returning now to the series with minimal differences (Table 
III), we see the other aspect of the same situation. Decisions 
were there made upon extremely small differences with the 
utmost rapidity and facility. No matter how small the real 
difference, there was always a sensible difference sufficient to 
call forth an immediate judgment. 

The results of these experiments should be sufficient answer 
to the objections advanced by Ebbinghaus and others against 
the exclusion of judgments of .“equal” or “don’t know”— 
objections on the ground that the observer must not be forced or 
constrained out of the natural channels of expression. As a 
matter of fact no constraint is involved in the exclusion of these 
expressions in the case of observers who have had practice in 
attending to small differences. In the present case the observer 
gave this introspection in the middle of the minimal difference 
series: ‘“The weights never seem exactly the same. There is 
always a difference, but because of the constant tendency to 
choose the one on the left hand [as heavier] I cannot always be 
sure.” Not over six times in the course of these 14,000 cases was 
there any outward sign of hesitation. In the face of experience, 
a priori objections in this matter are out of place. 

On the other hand, judgments of “don’t know” spring from 
a quite different state of mind and if encouraged are likely 
to become very frequent. When the difference is slight one must 
overcome some mental inertia before he can make up his mmd, 
and if allowed to shirk, it is natural for one to lapse into a state 
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of mild aboulia. No one would maintain that such states of 
vacillation are desirable in a psychological observer, and it is one 
of the chief advantages of the procedure under discussion that by 
prohibiting indecision it abolishes the tendency to vacillate and 
keeps the observer in a judicial attitude. 

The actual array of the minimal difference judgments is a 
sufficient guarantee that the clear impression of difference is not 
wholly illusory and that the observer does not guess at random. 
These judgments are consistently dependent upon the actual 
differences, and while one often receives a clear impression of 
difference in the wrong direction yet he may be sure that he 
will be right in the long run if he trusts to this impression. If \ 
the constraint resulting from the necessity for making a choice \ 
were sufficient to interfere to any considerable degree with the j 
process of judgment, it would not be possible to get this clear | 
impression of difference and have it trustworthy. 

The net result of these experiments and the accompanying 
introspections is distinctly in favor of insisting in every instance 
upon a choice, on the assumption that there is always a differ¬ 
ence. By doing so every possible factor which can enter into the 
judgment is included and no violence is done to the observer. 
He is, in fact, relieved from the rather uncomfortable necessity 
of making a qualitative judgment. He does not have to have 
any norm of his own with which to measure his impressions. 
They are directly measured against each other and the balance 
struck without ado. By all means let him have his standard of 
equality if he so desires, but leave him free to change it without 
risking thereby the unity of the experiment. There is no danger 
so long as the private standard is kept private and the judgments 
given in terms which do not involve it. 

In order to avoid all danger of a change of attitude and con¬ 
sequent change in the distribution of judgments it is wise to 
exclude also gradations of judgment* 13 One can never be sure 

is Cf. Mliller, GesichtspunTcte, p. 27; also Martin and Muller, op. cit. } 
p. 19. 
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how the observer draws the line between “greater” and “dis¬ 
tinctly greater.” 

Once assured that there is no ambiguity in the terms of the 
judgment, and giving up once for all the attempt to answer two 
or three sorts of questions with one judgment, the tables of 
frequency begin to take on real significance. A majority of 
correct judgments represents an appreciation of the true relations 
of things while a larger majority means a more frequent appre¬ 
ciation. Without any reference to subjective feelings of doubt 
or assurance, it is possible to say whether there is any difference 
so small that it is never recognized or any so large that it is 
always appreciated. Nor is it necessary to consider the sensa¬ 
tions which lie back of the judgment. To be sure, every com¬ 
parison involves logically the perception of each stimulus 
separately, and a distortion of one or the other of these may be 
responsible for erroneous judgments. Such distortions, however, 
when allowance is made for constant factors, become themselves 
a matter of chance and fall into that half of the total number of 
cases which is conceded to the influence of circumstances other 
than the prescribed conditions of the experiment. The judgment 
itself is not about either one of the stimuli but about the relation 
between them, and it is true psychologically that this relation 
can, and often does, make itself felt without conscious reference 
to the separate terms. 
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VI, 

TIME AND SPACE FACTORS, 

The relative imports nee of the space and time factors in the 
series (Table 1 1) which illustrate them is uncertain by the 
nature of the case, for the time order is constantly being reversed 
and is unknown to the observer, while tin 4 spatial arrangement 
remains Hie same for whole 1 groups of experiments and is known 
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The average number of eorreet judgment# for etteh group, taking several 
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to the observer. 14 There are more right answers when the second 
weight is greater, rather than less (Table V, Groups P, S), 15 

in other words, when the standard comes first. There are 
more when the first weight is to the right rather than the left 
(Groups Y, E). The most favorable combination is, second 
weight greater and left (P) ; the worst is, second weight less and 
left (Q); these are compared with each other in the right-hand 
part of fig. 1. YThen the second weight is to the right, the time 
order has little effect; when the second weight is the greater the 
space order makes little difference. 

These facts cannot be accounted for on the basis of Feehnerian 
errors which have a constant effect in each order equivalent to 
‘ an increment of weight. They can be accounted for only in part 
by assuming a constant tendency in favor of the arrangement 
with standard first. Besides this there seems to be a similar 
constant tendency operating in favor of the arrangement with 
‘ standard to the right, so that the apparent difference is generally 
^increased by proceeding away from the standard and also by pro- 
i ceeding toward the left , i.e., in the direction of greater flexion of 
s the arm. 

In Table YI the data of the long series (P-Y, Table II) of 
1400 cases for each difference are worked over on the basis of the 
probability integral. From the number of right eases given for 
each amount of difference the amount of difference is calculated 
that would give 75% of right judgments on the assumption of 
an ideal distribution of the errors by chance. 18 This calculation 

14 The spaee error can be eliminated easily, but only at a considerable 
expense of time. The speed of 245 comparisons per hour mentioned by 
XTrban (op. eit., p. 11) was only got with the assistance of a third person 
and by prearrangement of tbe series. 

is This may be attributed either to a simple time error (tbe preceding 
stimulus appearing weaker as compared with tbe more recent) or to tbe 
general tendency noted by Martin and Muller (p. 64) to increase tbe number 
of right judgments when tbe standard comes first. 

is Tbe calculation is as follows: Take tbe number of right judgments 
per cent given on any amount of difference. Look this up in Fechner's 
fundamental table and divide tbe corresponding T=hD entry by .4769. 
This gives Fullerton and Cattell’s table. Then divide the amount of differ¬ 
ence by this figure, and tbe result is tbe amount of difference which would 
yield 75% of right judgments. 
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puts in more objective form (though with more theoretical 
assumptions) the conclusions of Table Y regarding the arrange¬ 
ment giving the greatest number of right answers. It shows that 
the great inferiority of Group Q (second less, left) is due to an 
excess of wrong judgments on the larger differences as com¬ 
pared with the other groups. (See right-hand part of fig. 1.) 
It is to be expected that the “constant tendencies” will be more 
effective on the larger differences for then the one weight is least 
like the average 17 and Group Q has the disadvantage of both 
constant tendencies. 


TABLE VI. 


The amount of difference necessary to yield 75 per cent, of correct judgments, 
calculated from the number of correct judgments given on each 
amount of difference for the several groups of Table II. 
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4.52 
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4 

3.67 
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4.44 

4.04 

6.08 

4.88 

5 

4.22 
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3.88 

3.60 

3.72 

4.08 

6.70 

6.04 

6.35 

6 

4.18 

4.45 

4.31 

5.42 

4.28 

4.80 

4.56 

6.32 

4.65 

5.37 

7 

4.34 

5.47 

4.89 

4.08 

4.37 

4.22 

4.53 

4.92 

4.76 

4.84 

8 

3.81 

5.83 

4.74 

4.32 

4.95 

4.63 

4.69 

4.83 

4.59 

4.71 

9 

4.28 

5.80 

5.01 

4.15 

5.17 

4.65 

4.84 

6.33 

5.90 

6.12 

10 

3.84 

5.26 

4.56 

4.15 

4.37 

4.26 

4.42 

5.44 

5.53 

5.50 

11 

3.34 

5.25 

4.40 

3.51 
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4.00 

4.22 
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5.38 
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12 
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6.37 
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3.94 

4.55 

4.27 

4.82 

5.42 
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5.77 
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4.33 

6.31 

5.39 

4.26 

4.49 

4.03 

4.93 

5.13 

6.72 

5.94 

14 

3.76 

6.13 

5.16 

3.76 

4.47 

4.15 

4.71 

5.67 

5.67 

5.67 

15 

4.79 

5.53 
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4.79 

4.45 
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5.09 

6.35 

5.77 
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6.22 

5.57 

4.29 

3.75 

4.07 

4.98 
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6.21 
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3.93 

4.94 

5.04 

6.11 

5.63 

Median 

4.15 

5.50 

4.82 

4.15 

4.43 

4.27 

4.65 

5.43 

5.78 

5.65 


This same Group Q falls farthest away from the chance dis¬ 
tribution, while Group P gives the nearest approximation (of 
those with a single time and space arrangement) to such a 
distribution, its excess of right judgments being pretty evenly 


it Martin and Muller, p. 44, show this to be true in the time aspect at 
least. 
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distributed over the various differences. 18 Group B is similar to 
P in these respects. 

The combined group (Y) is a regular distribution but with 
more errors on the large differences than are to be expected. 
Prom the point of view of the so-called “normal” distribution 
it would appear that the positive constant tendencies of judg¬ 
ment represent the normal as well as the maximum efficiency, 
while the absence of those favorable or normal conditions causes 
an excess of errors on the larger differences. In other words, 
unfavorable arrangements in time or space order have the same 
effect in producing lapses of attention that we would expect to 
iind as the result of distraction; the positive general tendencies 
are not then anomalous but represent the absence of distraction. 

The gradual relative increase in the number of errors as the 
amount of difference increases, which appears in the less favored 
groups and, as a result of their influence, in the combined Group 
V, is due to the greater force of the constant tendencies with the 
larger differences. The absence of these larger errors at once 
assures a greater number of right answers for the whole group 
and reduces the distribution of the remaining errors to the form 
given by the conventional error curve. In this case the special 
negative constant tendencies increase in force with the magni¬ 
tude* of the difference, and in the combined Group Y effect a 
departure from the normal distribution given by the more 
favored groups which are free from their influence. 

The. results from very small differences indicate that little 
can lie said about constant errors on the basis of the comparison 
of equal or nearly equal weights. The determinations are often 
inconsistent with the larger differences of the same group and 
inconsistent from group to group. For example, Group S 


-ih 'PH,* oommrison can be made in Table VI or on fig. 1 where each of 

difference of 4 . 68 % ■thorn*ban value of ileale^elas 5 ; f ollows: 

Tho'mdr^undor'hl) in Fechner’s fundamental table opposite 75% is .4769; 
'Iho mitry umw.r nw m j: i fc = .103. Then each D is multiplied by 

UdH vaU.< <U- b and the po? cent, corresponding to the product hD taken 

from the table. 
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(Table II) gives less right answers than the other groups for 
differences of 0.5, 1 and 2 per cent., but this tendency is not 
borne out by the larger differences. Group Q, which starts 
positive, ends with a negative error. 

The series composed exclusively of minimal differences, Table 
III, or fig. 2, shows a constant error very much larger than that in 
the corresponding portion of Table II (Group R). The differ¬ 
ence of —1.2 gram gives as many judgments of “second (left) 
greater” as -)-0.5 gram does in Group R, while + 0.4 gram 
gives almost as many as 3 grams. This phenomenon can be 
accounted for in part by the higher attention demanded by the 
minimal series, and in part by the different impression gained 
of the general average weight of the group and the consequent 
change of attitude toward the standard weight which, in the one 
ease, is considerably lighter than the average, and in the other 
heavier. But making full allowance for these factors it is plain 
that the consideration of very small differences complicates the 
study of the constant tendencies very seriously. 

Another fact to be noted in this connection is the skew in 
the distribution of the judgments on minimal differences (fig. 2). 
The distinct plateau at weights 98.8 to 99.4 with the consequent 
displacement of the two ends of the curve indicates the presence 
of a strong unknown disturbing factor. It is very probable that 
the constant tendency is not simple, but complicated as has been 
suggested, being made up of several tendencies working more or 
less at cross purposes. Or, it may be that the amount of the 
constant tendency, varying as it obviously does, is more frequent 
at two distinct modal points; there is no reason why we should 
expect it to be always the same for the same person any more 
t han for different persons, and no reason why it should not 
oscillate between two quite distinct values. 

At any rate, the fact that the judgments do not tend con¬ 
sistently to group themselves about a single value of the constant 
error as measured by the point at which the weights are appar¬ 
ently the same (either one called heavier half the time) is another 
indication of the inadequacy of this measure of the constant 
tendencies. 
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Though, each time and space arrangement has its character¬ 
istic curve of distribution, it is not necessarily true that the 
combined series is not significant. Groups B and D (Table II) 
with the lighter weights do not differ from each other so much 
as P and Q (the corresponding groups with 100 grams), and 
they do not show the same relation to the ideal distribution. 
With respect to Weber’s law or similar questions, it would be 
fairer to compare the combined number of correct judgments 
for each standard rather than to compare the separate time and 
space orders. The method of combining the partial groups 
must depend upon the special requirements of the particular 
experiment; the simple combination given in the tables has the 
advantage of preserving the actual experimental array of figures, 
unconfused by theoretical considerations concerning the type of 
distribution. 19 

is G. P. Lipps, Arch. f. d. gesamte Psychol . 3, 1904, emphasizes the 
danger of assuming any particular form of distribution. Compare also 
the work of Urban and of Spearman referred to above, and Wundt, 
Physiol Psych., 1908, I, p. 613. 
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VII. 

THE JUDGMENT OP DIFFERENCE DEPENDS UPON 
THE FORM OF EXPRESSION. 

"Wlien the preceding experiments had shown that the judg¬ 
ment of difference is conditioned by other factors besides the 
physical difference between the stimuli, it seemed wise to enquire 
to what extent it is conditioned by the mere form in which it is 
expressed. 

Two questions in immediate relation with the preceding work 
presented themselves: the relation of judgments of “same” to 
those of “greater or less” as measured by their distribution over 
the same objective differences; and the relation of “greater” and 
“less” judgments to each other when expressed in different 
modes. In either case the question is whether the same objective 
relations between the weights will appear different (in terms of 
frequency) when judged in series which are alike save for the 
mode in which the relationship is expressed. 

Table VII presents the results of an attempt to isolate these 
two factors. Three groups of nineteen pairs apiece, designated 
as which?, second?, and the same?, were run along together in 
such a way that each group followed itself and each of the other 
groups the same number of times but in haphazard order. 

In the which? group the observer was instructed to “indicate 
which weight is the heavier, 7 7 and she did so as in all the previous 
experiments by pushing forward that weight. These results were 
recorded as “left heavier, 77 or “right heavier, 77 but the observer 
did not think of the weights in those terms nor as “ first and 
second, 77 but rather as “this and that 77 in terms of the motor 
localization of the positions. In the second? group the question 
was put, “Is the second heavy or light (in comparison with the 
first) ?” and the judgment was given orally “heavy 77 or “light. 77 
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In the third group the question was put, “Are they the same (or 
nearly the same) ?” and the judgment was again in oral terms 
“same” but if they did not appear the same nothing was said. 

The series of weights was arranged to fit the requirements of 
this experiment. By trial it was found that there would he about 
as many judgments “second greater” as “second less” if the 
same number of weights were taken above and below 96 grams 
with the standard (preceding) of 100 grams. The weights ran 
by steps of 2 grams from 82 to 92 and by 1 gram from 92 to 100, 
then by 2 grams from 100 to 110, making nineteen members in 
the series with the center at 96. In each group 200 judgments 
were recorded for each amount of difference. 

The comparison of these groups involves possibly some slight 
errors. The secondf group was entirely new while there had 
been practice with the others. Even though the groups come in 
irregular order an equal number of times, it is possible that one 
may affect another more strongly than it is affected in turn. 
The same? group still seemed hard to the observer despite the 
obvious opportunity it affords for “soldiering.” The effect of 
this group and of the preceding month’s practice with a similar 
test (Table IY) was an occasional occurrence of “same” judg¬ 
ments in the other groups, particularly in the one with oral 
judgments {second ?); these were discarded and repeated; their 
number was not large. Very rarely there was an incursion of 
one of the other groups into the same? group. These were 
ignored. Yery rarely there was some confusion or absent- 
mindedness as to which group was under way, but as a rule the 
observer stuck to one set of categories consistently for the nine¬ 
teen judgments and was then ready for a change to another set 
of categories or for the repetition of the same group as the case 
might be. 

The common point in these groups is to be sought not so much 
in the number of correct answers which they respectively yield 
as in the amount of difference which appears equal, in each one, 
to zero. In other words, the effect which is to be expected from 
the influence of different types of judgment is one which can be 
measured directly by a change in the constant error. 
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The constant tendencies connected with temporal and spatial \ 
order have already been shown to be as inconstant as are most / 
“constant” tendencies. There is some indication that they rest j 
largely on mental habit and a certain unreasoned and uncon¬ 
scious tendency to prefer one form of expression to another. 
Their constancy depends in large measure on keeping the con¬ 
ditions constant with regard to the number and magnitude of the 
members of the series (compare Tables II and III), and upon the 
amount to which the preferred form of expression interferes with 
the normal course of judgment. 

The comparison of these three groups in which the only 
difference is the form in which the judgment is framed goes far 
toward proving that the constant tendencies are due to the 
attitude and bias of the observer and not to fatigue or a physio¬ 
logical change of any sort. Far too much attention has been 
paid heretofore to obscure or hypothetical physiological factors 
in the production of constant illusions of all sorts and far too 
little heed has been paid to purely mental factors, the central 
tendencies and habits which the person himself brings to bear 
upon the situation. The mere fact that individuals have opposite 
constant errors in exercises which involve little muscular force, 
such as reproducing lines or even recognizing grays, ought to 
have suggested the possibility of a fortuitous central bent inde¬ 
pendent of the immediate task. It is quite possible that some 
individuals always prefer the judgment in the form greater” 
to that in the form “less” even when dealing with opposite 
aspects of the same proposition, as for instance “Is the second 
greater than the first or is the first less than the second.” But 
in the present instance the difference between the groups is more 
complicated. In the which f group the responses are in motor 
terms in which the movement is an habitual response in the same 
member which receives the stimulus. In the second f group the 
responses are in verbal terms which may or may not be a trans¬ 
lation of the idea accompanying the motor response in the other 
set and which may themselves be subject to a motor speech-habit 
such that one of the words in question is more apt to occur than 
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the other independently of the idea in mind. There is also a 
conscious attitude in the secondf group by which it is dis¬ 
tinguished from the other. The attention is directed more ex¬ 
clusively to the second weight; the first is taken for granted and 
is readily fused in the general impresslon^of the average weight; 
and the absolute heaviness or lightness of’ the second weight is 
relied upon to a large extent in forming the judgment. In the 
secondf group, also, the observer’s attention is attracted to the 
known time error which makes the second weight seem heavier 
than it should, and there is a more or less conscious tendency to 
compensate for this error. 

But whatever the precise differences between the groups may 
be, it is evident that they are all of the nature of changes in the 
mental"set” or bias of the observer. There is now no difference 
^in the number or amount of the difference and certainly no differ¬ 
ence of any kind in the objective presentation. If any difference 
between the groups appears it must be due wholly to the inter¬ 
ference of the observer’s own mental machinery. The results 
which do appear under these circumstances are sufficiently clear. 

For purposes of comparison it may serve to take the same f 
group as the starting point. The amount of difference in that 
group which yields the maximum number of judgments "same” 
has a peculiar claim. That these are the two weights which seem 
most nearly alike in this time and space order (standard first, 
and right) there can be little doubt. But as has been said before 
the quality of sameness does not occur pure. The observer was 
instructed, after what had been learned from the preceding 
attempt and failure to get clear impressions of sameness, to 
indicate the weights which were "the same or nearly the same” 
as the standard. This judgment is an approximation only, but 
there is every reason to suppose that when a weight of 99 grams 
appears equal to 100 more times than does any other weight it is 
the one which appears most nearly equal to 100. 

It will be remembered that the observer had learned in the 
preceding set of experiments (Table IV) to assimilate a certain 
number of "second lighter” eases to the category of "same” 
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cases. This effect may have been carried over, and in fact 
the observer believes that it was carried over, to the present 
gronp. If so, the apparent zero point is displaced toward the 
lower end of the scale. Even so, this apparent or subjective 
zero point is as good a starting point as any other. In any case 
it would probably be displaced one way or the other ; when no 
perfectly clear impression of sameness appears it is far from 
probable that the judgment of sameness will attach with perfect 
impartiality to the cases of “slightly greater’ 7 and “slightly 
less. 7 7 

Notwithstanding the effect of training which would naturally 
tend to increase the constant error as measured by the maximum 
number of “same” judgments, it is clear from Table VII and 
fig. 3 that the constant error is not nearly so great in this series 
as in the other two with which it is to be compared. The maxi¬ 
mum falls at 99 as compared with 95 and 96 (the indifference 
points of the other curves). This group is differentiated from % 
the others also by the fact that the number of “same” judgments | 
on all the differences from — 4 to + 10 is very greatly in excess | 
of the number of errors yielded by those differences in the other | 
groups. Judgments of “same 77 occur when no errors are made I 
in the other groups and they are frequent when the probability \ 
of an error in the other groups is very low. 

The introduction of “same” judgments into a series surely 
obscures the results and precludes the possibility of finding what 
the actual distribution of “greater 77 and “less” judgments would 
be. In the present case one-half of the whole number of “same 77 
judgments fall on differences greater than —4 grams and the 
maximum number falls on the difference of — 1 gram; whereas 
the half of the wrong answers fall on — 5 and — 4 respectively 
in the other series, and the indifference points are also at —5 
and —4. Even making allowance for the fact that the curve 
of “same” judgments is skewed, the evidence is clear that a judgf-l 
ment of “same” is more likely to correspond with a judgment of I 
“second greater” than with one of “second less.” A distribution * 
of the “same 77 judgments into cases of “greater ’ 9 and “less 77 
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on the basis of a zero point at either — 1 or — 4 conld not fail 
to do violence to the facts as determined by trial. 

Add to this difficulty in distributing the “same” cases the 
other fact that they occur when the observer would not otherwise 
be likely to make any mistakes, and it will be evident that a 
series in which they occur and are encouraged is not suitable for 
accurate analysis. 20 A further weakness in this group is the skew 
in its distribution by which the point (99) where the greatest 
number of “same” judgments is recorded is far removed from 
the point (96.5) on either side of which half of them fall. The 
“same” judgments do not even afford a reliable measure of the 
constant error or point of apparent equality. 

The two remaining groups (motor, which? and verbal, 
secondf) differ from each other almost as clearly as the same? 
group differs from them. The curves of fig. 3 show that with 
only two exceptions the number of “second greater” judgments 
given verbally is less than the number indicated by motor sign 
for all the differences from the lower end of the scale up to + 2. 
From a difference of + 2 up to the upper end of the scale verbal 
“second greater” judgments are more frequent than the motor. 
The two exceptions have every indication in the plot of being 
accidental. The inference from these data is that except for large 
positive differences this observer will give more judgments 
“second greater” and fewer “second less” when the judgment 
is expressed by indicating the heavier weight than when it is 
expressed by saying whether the second weight is heavy or light 
in comparison with the first. It is a normal consequence of this 
general tendency that the difference (— 5 grams) which gives an 
equal number of “second greater” and “second less” judgments 
in the motor series gives a majority of “second less” judgments 
in the verbal series. The displacement happens to amount to 


20 Wundt, Physiol. Psychol 1908, vol. 1, p. 614, shows the extremely 
irregular behavior of the “same” judgment, e.g., in the work of Keller, 
I before mentioned. The use of these expressions is bound to introduce real 
| (not merely mathematical, cf. Titchener, Exp. Psychol. 2, II, p. 290) diffi.- 
| culties in statistical treatment, and can only be justified by special 
I application of the results. 
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exactly one gram, so that the difference of —4 grams in the 
verbal series is its indifference point. 

It so happens that both the motor and verbal groups give 
symmetrical distributions so that the sum of the judgments 
“second greater” below the indifference point is nearly equal in 
either one to the sum of the judgments “second less” above. 
That is, one-half of the errors lie "on either side of the point 
which gives the maximum number of errors. This distribution is 
in contrast with the skew in the same f series. 

Since both the which f and second f groups are of this symmet¬ 
rical form, the difference between them is the more obvious. The 
difference between the two methods of judging is constant up to 
and beyond the point where the weights are objectively equal. 
With actual plus differences the tendency is reversed, but the 
whole number of errors is so small that it makes little impression 
upon the aggregate number of judgments of each type. 


Total of all judgments “2nd greater 77 for 19 differ¬ 
ences; Motor . 2068 

Total of all judgments “2nd greater 77 for 19 differ¬ 
ences; Verbal . 1952 

Half of all tbe judgments for either group . 1900 


The mere change in the expression of the judgment is evi¬ 
dently responsible for the large preponderance of “second 
greater” judgments in the motor ( whichf) group. 

If, instead of taking the whole number of answers of any one 
sort, the number be taken of those which are wrong from the 
point of view of the indifference point the same relation is 


discovered. 

Motor; number of errors (2nd greater) below 95 grams 259 

Motor; number of errors (2nd less) above 95 grams. 293 

Motor; total number of errors . 552 

Verbal; number of errors (2nd greater) below 96 grams 290 

Verbal; number of errors (2nd less) above 96 grams. 240 

Verbal; total number of errors. 530 


The relation expressed above would not be seriously affected 
by including the steps which are omitted between 82 and 92, on 
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one side, and 100 and 110 on the other. Rather it would be made 
stronger, if anything, because the tendency is stronger on the 
greater differences than in the middle range. The differences 
tried cover practically the whole range within which errors occur. 
It is evident therefore that there is an advantage for the second? 
(verbal) group over the which? (motor) group in regard to the 
total number of errors. 

The group which appears to better advantage here is that 
which adopts the procedure recommended by Muller and Schu¬ 
mann. It has less errors in all and a less dispersion of errors 
toward the larger differences. It also shows a less exaggerated 
constant error. So far as the small number of cases warrants 
any conclusion, it seems also to present a more symmetrical dis¬ 
tribution of plus and minus errors and to have greater regularity. 
The method adopted in the preceding experiments suffers by 
comparison in all these respects notwithstanding the advantage 
it should have had from long use in the hands of this observer. 
This procedure differs from that of Fechner only by substituting 
the motor sign for a verbal judgment. There is no evidence to 
show that this motor feature rather than the pure Fechnerian 
element is responsible for the increase in constant error, together 
with general raggedness, which this group shows in comparison 
with the other. 

Besides discrediting the use of ambiguous terms by which the 
observer is enabled to evade the effort of deciding the question 
presented in the comparison of stimuli, this set of experiments 
brings out the importance of all the terms used in the formation 
% of a judgment. The results leave no doubt that a difference in 
i the framing of two propositions which are precisely equivalent 
l logically will be a governing factor in making a comparison. 
1 Evidently no comparison is complete with the mere apprehension 
of the presented stimuli. These are apprehended in the light of 
other stimuli which have gone before, but even then the analysis 
is not complete without taking account of what the observer 
ha. R to do in the matter. Even the very slightest differences in 
■ thelaskwhich he has to perform seem to govern to some extent 
his decisions. 
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To speak of the “perception of difference” in sneh a case is 
to obscure some of the factors in the actual situation. The differ¬ 
ence is not merely perceived. The process of comparison involves 
the active operation of the mind in the expression of a judgment 
upon the situation in which the difference is only one factor. 
"When this difference is acted upon through one set of categories 
and with one mental set it occasions one definite reaction, while 
if it is taken into another set of categories it goes through 
different mental machinery and comes out different. If it were 
possible to catch an instantaneous view of the two experimental 
groups under consideration, there is no doubt that a weight of 
95.5 grams would be sensibly lighter than 100 in the one and 
heavier in the other. The stimuli to be compared are identical 
and the difference involved is not conceivably other than identical. 
Moreover the logical relations of the terms are equivalent. And 
yet this difference comes out plus in one group and minus in the 
other. In the instantaneous view it is judged to be sensibly 
■other; to be two distinct differences. 

There are practical objections to having the same thing be 
different from itself, and if it does appear so it is generally worth 
while to locate the mental defect which brings it to pass. In the 
present case the defect seems to be more deep-seated than a mere 
inability to perceive accurately what is presented. It seems 
rather to be a systematic distortion which may extend to any 
subject-matter whatever. The terms of judgment under con¬ 
sideration are of very general use; they can be applied to any¬ 
thing which is quantitatively greater or less than another of the 
same kind. If it be true that the mind will more readily give 
expression to “greater” than to “less,” the fault is certainly not 
in the perception of the particular difference but rather in the 
mind’s attitude toward all differences. 

Such a defect would permeate all quantitative judgments, and 
would, in fact, be a defect of judgment itself. There seems to be 
evidence that some of the abnormalities observed in the com¬ 
parison of weights are traceable to such subtle eccentricities in 
the machinery by which all judgments of difference, in any 
material, are expressed. 
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VIII. 

THE JUDGMENT OF DIFFERENCE IS CENTRALLY 
CONDITIONED. 

Throughout this paper as well as in the title the term judg¬ 
ment of difference has been preferred to the more common 
expression perception of difference. The latter fails to express 
the active operation of the mind in the discrimination of objects. 
If two weights had a difference which was always sensibly the 
same or nearly the same, it might be legitimate to speak of 
perceiving that difference. But in fact the judgment of differ¬ 
ence is by no means so simple. Given a certain physical difference 
between two weights, one can perceive it more or less clearly, but 
one is also liable to perceive in its place another difference which 
is just the opposite of the true physical difference. Not only does 
the difference to be perceived possess this peculiar faculty of 
turning its coat, but it can change its whole aspect in other ways 
quite as alien to the general character of perceptible things. It 
is subject, as has been shown, to a startling contrast effect. Sur¬ 
rounded by larger differences it becomes almost imperceptible, 
but if put among smaller differences it presents a bold face. 
\ This effect is not, however, produced by any change in the objec- 
j tive field, such as that causing sensory adaptation or that which 
brings out color contrast. The objective conditions are precisely 
the same every time a pair of weights is compared. The only 
difference is the fact that previous comparisons have taken place. 
The contrast effect depends not upon the objective conditions 
but upon the attitude of the observer and the direction of his 
attention. 

The difference is in no case simply perceived. It is perceived 
in view of other facts which have no inherent connection with it. 
If it were perceived as ordinary objects are perceived, it would 
maintain an identity of its own and, subject to more or less 
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fluctuation, it would always be recognized as itself. Every object 
that is perceived bas an identity of its own and accordingly has 
a place in systematized experience into which it fits. Its identity 
gives it its relations with the other objects which we perceive and 
know in the world of daily activity. It is in this respect, par¬ 
ticularly, that the perception of difference shows that it is of 
another sort from the perception of other things. 

Within any one of the preceding experimental groups where the 
conditions remain fairly constant each amount of difference does 
maintain its identity. But as soon as we pass to another group 
in which the conditions are somewhat different the identity dis¬ 
appears. If, for example, we take 75% of right answers to be 
the mark of a difference which is “just perceptible” then we 
find in Group E of Table II that a difference of between 4 and 5 
grams will be just noticeable or will be a * 4 threshold value/’ as 
it is said. But turning to Table III, we find it unreasonable to 
suppose that the threshold value is far beyond 1 gram. In 
Table IY, again, this “ threshold” difference is at about 2 grams, 
and in Table YII it is pushed down to between —2 and —4 
grams. 

That these differences between the various groups are genuine 
and do not represent merely a general change in the observer 
such as to cause a large shift in the constant error, may be seen 
from the final series (23) of Table I. This series was taken 
immediately after those of Table VII which show a threshold 
0 f — 3 % and it was separated from the last of the same sort ( 22 ) 
by some 30,000 cases; yet, with allowance for some general 
improvement with practice, it shows substantial agreement 
with the preceding series in its group and its threshold is over 
-f 4% as in the others. There had been no change of consequence 
in the constant error for this set of weights during the interval. 

This dependence of the constant error upon the range of 
differences comprising the experimental series seems to be closely 
connected with the behavior of the “indifference point” in the 
method of average error. Hollingworth 21 has shown that the 


si Archives of Psychology, No. 13, 1909, p. 31. 
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latter “so far as it occurs in our spatial judgments, and in. our 
temporal judgments so far as they are a function of the extent of 
movement, is of purely central origin, and that its position 
depends entirely upon the range or limits of the magnitude in 
question.” The indifference point in the error methods cor¬ 
responds closely to the point in the method of constant differences 
where errors are most likely to occur in half the number of 
judgments. It is not unlikely that a shift in the indifference point 
in our method would be influenced hv conditions which cause a. 
shift in the indifference point in the of,her method. 

The position of the threshold, however it. is defined, i» 
immediately dependent upon the indifference point in the method 
of constant differences, that is, upon the conditions which make 
the differences equal to zero. This point is certainly dependent 
upon the range of differences covered by the. series. In the error 
methods the point where the error is as likely to he plus as minus 
is determined certainly in part it not wholly by the same 
conditions. 

This condition has been so very generally ignored that its 
influence may be regarded askance, hut its appearance now in 
both methods of procedure cannot, bo overlooked. It is perhaps 
too much to say that the indifference point, and with it; Ut<* 
threshold, can he shifted at. will by simply changing the magni¬ 
tudes of the, largest or smallest stimuli in the series, yet this is 
to a large extent true. 

It may he unwise at. present to assert that flu* change in the 
magnitudes works wholly as a change in tin* central elements in 
the judgment, but at this writing there is no evidence that; the 
total situation is changed in any other than its central lactors. 

The extension of flu; series toward one extreme or the other 
should not logically interfere with the proper percept ion ot n 
magnitude in the midst; of the series. But it does so; and it. is 
not (dear that if, does so in any other way than by disturbing tlu* 
equilibrium of tlu; observer’s mental attitude toward all the imli • 
vidual magnitudes making tip the complex system of the series. 
Under these eiraimstnnees the magnitude in question is dist.ortm l 
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by the mind and misrepresented in reproduction. Under such, 
conditions the judgment of differences between stimuli is affected 
as well as the judgment of the individual stimuli. So it is that 
in the different groups when the set of weights is not the same 
(the standard being constant) the same physical difference is not 
perceived as the same or even as similar. 

The change in the total group of weights which make the 
setting of any single, pair may be likened to the change in total 
illumination which causes red to fade into black with the advance 
of (naming. But in this case there is no advance of evening and 
nothing corresponding to it; any given pair of weights is com¬ 
pared under such circumstances that the physical stimuli are in 
all respects identical. The case is more like that in which an 
orange object is perceived now as red and now as yellow. It is 
red in a, universe of yellows and yellow in a universe of reds. 

Tlie last ease is one which is thoroughly familiar and in which 
the perceptual father is clearly isolable. "When an effort is made 
to perceive what the color is, it must be abstracted from the par¬ 
ticular surroundings which make it appear to be red or yellow. 

It is perceived truly enough to be a color, and that too of the 
red end of the spectrum, but if a closer identification is necessary 
it must, be perceived as an orange in order to be perceived at all 
in the proper sense of the word. One may say that under the 
circumstances it looks like a yellow but one fails to perceive it 
properly unless he is aware that it is an orange even though it 
looks yellow. The failure to interpret the sensation in such a 
way that, if will get properly entered in the total range of normal 
experiences- - in this case in the range of color qualities—-is a 
failure of perception. 

But, aside from the perceptual element by which the object 
is mure or loss perfectly identified there is the element of com¬ 
parison within the group. This comparison may be quite un¬ 
conscious, but its result is obvious in the ultimate ranking of 
the members of the group with respect to their common quality. 
f„ the ease of the difference between weights the operation of 
this process of ranking cannot be gainsaid. In all the expen- 
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mental groups, no matter what the conditions, the largest differ¬ 
ence is found at the top of the scale and the smallest at the 
bottom, with the others graded in between. In other words, the 
relative magnitudes of the differences are always, in the long run, 
judged correctly. 

But this judgment and the consequent ranking do not depend 
on a correct perception of the actual differences involved. In 
fact the record shows that the process of judging the relative 
magnitudes of the differences interferes to a marked degree with 
the process of perceiving or recognizing the true differences. 
Because the difference of about 0.5 gram is the largest in one 
series, the smallest in another, and almost the smallest in another, 
it is interpreted in the several eases as a fairly clear, a barely 
perceptible, or a “threshold” difference. Its appearance is so 
altered by the value given it in its own group that it cannot be 
recognized in another group. It is not properly perceived but it 
is none the less well judged in relation to its fellows. The more 
familiar case of color is analogous. The fact that the one in 
question is ranked at the red end of one scale and the yellow end 
of another tends to break down its identity and to interfere with 
its proper perception. So, too, a man who is tall in one company 
and short in another maintains his identity through the posses¬ 
sion of other qualities besides that in question, but if he were to 
be identified by his height alone he could escape unperceived 
simply by a judicious choice of companions. Few people could 
perceive his true height in the terms of an arbitrary conventional 
standard. Most people would merely judge his height in relative 
terms, just as they judge the amount of difference between 
weights which have no accidental mark of identification. 
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IX. 


WEBER’S LAW. 


Upon (ho notion of the threshold, or point of just perceptible 
difference, hangs Weber’s law in its usual formulation. 22 But the 
.statement of the facts embraced under Weber’s law and what they 
mean ought really to go much farther. There is no propriety in 
saying that, a certain relative difference which can just be per¬ 
ceived on one standard can just be perceived on double that 
standard, unless the term “just perceived” means exactly the 
same thing in both parts of the proposition. If, now, the proposi¬ 
tion is asserted to be true when “just perceived” is taken to 
mean “perceived 75% of the time,” there is no reason why it 
should not. he quite as true when “just perceived” is taken to 
mean “perceived (>5% of the time.” If Weber’s law actually 
holds in any special realm of sensation it ought to be expressed 
without the ambiguous term “just perceived.” 

The examination of a whole series of differences has brought 
out. the fact, that lio particular one in the series possesses any 
intrinsic superiority as a starting point. That very fact points the 
way to a more far-reaching statement of Weber’s law; for if one 
full series presents a uniform increase in the number of correct 
judgments as the differences increase, it is a fair hypothesis to 
suppose that, the same relative differences on another standard 
will bring out a similar uniform series. If, then, the two tables 
of frequencies for the same relative differences show a substantial 
agreement within any limits of variation that may be set, it will 
be true that, Weber's law holds, not only for the “threshold,” 
but for any difference whatever. The general statement of the 


Ktmmghaus, (imndzuye, 1905, T, p. 521; James Briefer Course, p. 
is tj’; M vers, tijrprriwnlal Vsycholouy, 1909, pp. 2o5-56. 
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law will tlien be, The same relative difference will yield the same 
proportion of correct judgments with stimuli of different magni¬ 
tudes. 

A subsidiary series (Groups B, D, F, Table II, and middle 
curves, fig. 1 ), carried out with a standard weight of 50 grams 
under exactly the same conditions as those of Groups A, C, B 
with the 100 -gram standard, shows not only that the distribution 
of judgments is as regular in the one case as in the other but 
that the frequencies are only slightly different for the same 
relative differences from the two standards. The choice of 50 
grams here (determined by a desire to avoid fatiguing the 
subject) was not particularly favorable for a demonstration of 
Weber's law, nor is the method of operation (full arm lift) the 
best, so that the amount of agreement found is surprising . 23 

It is by no means necessary, however, that experiments 
intended principally to bear upon Weber’s law should be carried 
to such great lengths as in this case. Groups G to 0 of Table II 
show the force of the evidence from a full series even when the 
number of cases is comparatively small. There is substantial 
agreement between the series, but in the long run an increase in 
absolute weight brings an increase in the number of correct 
judgments for the same relative amount of difference. The effect 
of a change of 50 grams in the standard may be as great as that 
produced by an increase of 2% in the difference; thus (Groups 
M, N, 0, Table II) 7% on 150 grams gives more right answers 
than 9% on 100 grams or 11% on 50 grams. This influence is 
stronger when the second weight is greater (A, B) rather than 
less (C, D) and when it lies to the left (G, H, I) rather than the 
right (J, K, L). The divergence between the series does not 
seem to depend upon the amount of the difference, the two curves 
of distribution running almost parallel (middle part of fig. 1 ). 

In this case the bare array of figures is sufficient without any 


23 This method of testing Weber’s law is an extension of Fechner’s. 
He used the same two proportional differences on all the standards instead 
of trying 1 to get a difference which wonld give the same proportion of 
nett -judgments. The full series gives either the relative number of 
judgments on the same difference or the differences which give the same 
number of right judgments. 
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calculation to show that, as was to be expected, for lifted weights 
as light us these there is a considerable departure from Weber’s 
law. 

As a rule, such a set of full series with different standards, 
even if the number in each series were small, would be more 
serviceable than the usual large accumulation of cases on only a 
few differences. IT this method can be adopted (and there are 
many east's in which its application is simple) the fact that 
the degrees of difference on the one hand and the differences in 
intensity of the stimuli on the other hand form closely arrayed 
series in two directions will serve as a complete cheek over 
irregularities depending on the small number of cases. It should 
always bo remembered, however, that the ideal experiment would 
involve a sufficient: number of cases so that each result in the 
intensity and difference series could be depended upon by itself 
without reference to its compatibility with its neighbors in either 
series. The number of cases required depends entirely on the 
regularity of the results measured by fractioning them into 
smaller groups. 

The series with minimal differences (Table III) gives a 
number of right answers for the difference of + 0.4 and smaller 
differences very different from the numbers found in Table II, 
and the series based on judgments of “same” or “heavy” 
(Table IV) gives still other figures. In the first ease there can 
be little doubt, that, the change is due to the entirely different 


range of differences used. When only very small differences 
are used the number of right answers is increased enormously 
toward the upper end of the range. In the other ease the effect 
comes as a result of changing the terms in which judgment is 
expressed. In any event, it is clear that a valid test for Weber’s 
law must, he based upon series which involve the same number 
of terms and which cover as nearly as may be the same range of 
proportional differences, while, the terms of judgment must of 
<.„ur;e he the same. The number of right answers is not simply 
a function of the standard ami the amount of difference. It 
depends very largely upon other considerations which are not 
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always obvious, and not tbe least of these is the concatenation 
of other differences which are judged before and after the differ¬ 
ence in question. 

It is for this reason, if for no other, desirable to have the 
whole series of differences worked over together. The insertion 
of new members in the course of the series or the subtraction of 
those which seem superfluous cannot fail to result in a change 
of attitude toward those which remain. When the full series of 
differences from one standard is compared with an exactly 
similar series for another standard, there is bound to be a certain 
amount of time lost and a busy experimenter is tempted to 
reduce the number of trials in the series. This tendency is given 
f ull rein in the “method of least noticeable differences” by the 
adoption of some arbitrary rule to determine the upper limit of 
the range of differences. With many experimenters it is cus¬ 
tomary to stop the series when three successive right answers 
have been given, no matter what the actual amount of difference 
reached, and as a consequence no two series are of the same 
length. 

On the other hand, the usual form of the “method of right 
and wrong eases” in which only a few differences are used is 
too simple. The particular amounts of difference chosen may be 
subject to some special influence. And if they fail to yield for 
different standards nearly the same number of right cases the 
result is not equal to a demonstration that Weber’s law does not 
hold. But as more and more differences are taken, until in the 
ideal ease the full series is covered, the evidence becomes more 
and more trustworthy. The very complexity of the full series 
gives protection against the particular influences that affect 
single differences. The determination of any single point on the 
curve of distribution can be corrected by the determination of 
its neighbors. 

But the essential point in regard to Weber’s law is not 
whether a certain proportional difference is “just perceptible” 
with different standards or even whether it is equally perceptible 
in terms of the proportion of right and wrong answers, but rather 
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whether the distribution of judgments of any particular type is 
of the same form for different standards. This is a question 
which can only be answered by experiment, and that means an 
experimental trial of the whole series for each of the standards 
under consideration. 
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X. 

PRACTICE. 

Work was begun on these experiments with only a brief 
* ‘ warming up ’ ’ on the first day. In order to keep the attention 
up to as constant a pitch as possible, the observer was informed 
of each error throughout the first 22 series of experiments, Tables 


TABLE VIII—PRACTICE. 

The average number of correct judgments for each series , grouping several 
amounts of difference together . 



Standard 

2nd Weight in 

1-6 

Differences 

1-18 

Series 

in Grams 

Relation to 1st 

7-JL2 

JL3-J.S 

1 

100 

left 

69.8 

88.2 

96.5 

84.8 

2 

100 

left 

72.5 

89.6 

97 

86.4 

3 

100 

left 

68.3 

88.1 

96.9 

84.4 

4 

100 

left 

67.8 

90.2 

97.2 

85.1 

5 

100 

left 

67 

87.5 

95.5 

83.3 

6 

50 

left 

68 

87.1 

93.8 

83 

7 

50 

left 

64.1 

84.5 

94.7 

81.1 

8 

50 

left 

67.6 

88.3 

97.4 

84.4 

9 

50 

left 

65.5 

88.3 

98 

83.9 

10 

50 

left 

63 

91.5 

97.2 

83.9 

11 

50 

right 

64.1 

85.3 

97.2 

82.2 

12 

100 

right 

73.8 

93.5 

99.2 

88.8 

13 

100 

right 

72.9 

94.2 

99.5 

88.9 

14 

100 

right 

68.6 

91 

99.2 

86.3 

15 

100 

right 

67.1 

92.5 

99.4 

86.3 

16 

100 

right 

69 

90.7 

98.5 

86.1 

17 

100 

left 

68.8 

92.6 

97.7 

86.4 

18 

100 

right 

70.5 

91.8 

98.3 

86.9 

19 

100 

left 

71.1 

95.7 

99.8 

88.8 

20 

100 

right 

72 

92 

99.2 

87.7 

21 

150 

left 

75.2 

95.2 

99.3 

89.9 

22 

150 

right 

71.1 

92.3 

98.2 

87.2 

Average 



68.9 

90.5 

98.1 

85.7 

23 

100 

left 

73.1 

94.3 

99.7 

89 
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I and II, 24 but not of the particular amount of difference 
involved, so that there was no learning of particular pairs. It 
would be natural, therefore, to expect some improvement with 
practice, but none occurs during the first five series, each of 
which embraces 100 comparisons of each of the nineteen differ¬ 
ences. The columns of Table YIII give the average number of 
correct judgments over the whole range of differences from 1% 
to 18% and also over a range of six differences making the lower, 
middle, and upper thirds of the whole range. The same results 
appear also in fig. 4 with the exception that the “11th” hundred 
is restored to its proper chronological order, being displaced in 
the tables for the sake of clarity. 

After the first six series there is irregular improvement in the 
judgment of the larger differences (7-18) but none for the 
smaller differences (1-6). The whole range (1-18) shows slight 
improvement. This practice effect appearing only after ten 
thousand trials does not admit of easy explanation along familiar 
lines. It can hardly be attributed to the corrections received. 

The improvement shown is in the way of greater constancy as 
indicated by the lopping off of the coarser errors, and such a 
decrease in variability without any noticeable increase in sensi¬ 
tivity may be attributed, perhaps, to long habituation and the 
adoption by the observer of a more automatic attitude. It is 
possible also that this is an instance of the effect of the absolute 
weight, 25 the larger weights coming in time to stand out with 
greater distinctness from the general level of the average as the 
latter grows increasingly familiar. The improvement shown is 
not, however, as regular as it might be expected to be if this 
tendency were constantly operative. 

Apart from the general practice effect and without reference 
to the space order, there are whole series of a hundred com¬ 
parisons (like the 12th, 13th, 19th) in which unusually keen 

24 Muller, GesichtspunJcte, p. 24, states the advantages and dangers of 
correcting the judgments. It should be added that such corrections are 
justifiable only when there is a considerable number of mistakes; other¬ 
wise the momentary sharpening of attention just after each correction 
will "become a source of error. 

25 Martin and Muller, p. 44. 
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attention is indicated by a decrease in the whole number of errors 
large and small. The experiments of such a series occupied five 
or six days. A period of inattentiveness occurred at the seventh 
hundred, and throughout the first group of five series there was 
a gradual falling off of attention in this sense. A similar gradual 
depression affected in less degree the group from the twelfth to 
the sixteenth hundred. 

The <c llth” hundred was introduced after the 13th with 
the expectation of restoring the attention, which had begun to lag 
at the end at the end of the thirteenth, to the level of the twelfth 
on the supposition that that high level was attributable to the 
lighter weight of the preceding five series. This expectation was 
not justified and this high mark was attained in only one (the 
nineteenth) of the remaining series with this standard. After the 
completion of all the other work with this same standard but 
under various conditions, another series (23 in Tables X and VIII) 
was taken under the same conditions as those of the first five 
series. The result again, as in the twelfth and thirteenth series, 
is a decided improvement, which is particularly noticeable in the 
decreasing number of coarse errors. The previous case renders 
it doubtful whether this high level could have been maintained 
for long. It may be due to increased power of discrimination 
acquired in the course of some 73,000 trials, or it may simply be 
the result of better attention evoked by the great number of 
very small differences in the intervening series. 

Instead of a well-defined practice effect no more appears than 
a slow oscillation in the number of errors together with an 
irregular tendency toward the elimination of unusually large 
errors. Such sluggish but steady changes of attitude on the 
observer's part are further evidence of the primacy of those 
mental postures which we call states of attention both in deter¬ 
mining the limits within which errors occur and in controlling 
the frequency of errors of any particular magnitude. It is 
probable that the general improvement with practice springs 
from the same source as the monthly or weekly ups and downs. 

No practice effect appears in the series with minimal differ- 
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cnees. That is, there is no improvement in the ability to <U«- 
criminate the weights eorreetlv. There is, however, as the totals 
at the right of Table ITf show, a eonstant development of tin* 
tendency to call the second weight heavier. The supertieinl 
appearance of this tendency is the same* as that of a genuine 
case of improvement with practice, hut its real effect is entirely 
different. The change of attitude which leads to an increase in 
the number of judgments “second greater” is not in the tlirec. 
tion of better adaptation. Instead of increasing the actual ability 
of the observer to judge the weight correctly and so to cope 
better with a concrete situation, it. really works against the 
observer’s interests. It increases an already large constant error 
and produces a still further dislocation of the point of apparent 
equality; the increase in ability to distinguish lOlU from 1“*' is 
got at the expense- of a loss in ability to distinguish from lint, 
and the net result is that the individual is less able- than before 
to give a judgment that is objectively right in ease he is «*alb-d 
upon to distinguish two weights in practical life. 

This change of attitude- takes place without any mbwt’ereneo 
from the experimenter. No corrections were- given ami the 
observer had ue> oceasie.n to think that stem.* answers rather than 
others were right, At the end of the* set of 1 !.<«»» e*,.mpum*>m 
the observer did not believe there wetv nte»r** juelgments “bd’t 
greater" than “right gmtte-r," although there were mdly 
more, or abend Id of nm* type to ente-h id <ef the* o»h«*r type. 

In a sense*, the* ele*ve*lopmeut of a bias ill favor ... 

tive rather than the e»th.*r may he* attributed to prae-tie.*, it is 
undoubtedly one* mode- of adapting oio-’h ne-lf tee a situation «hi>-h 
is somewhat eiistasteful. The ofwmrr is e ( hlige*el to say e*itin*r 
one thing or tin* either. th*‘re is im mvarel «*r penalty attached 
to e-ither one eir the* othe-r, amt he- tlmls it e*a iie-r to --ay tins »*nJh»*r 
than that. The; eiriginal pre*f<-reitee* may have* an obieure etrsym 
or may result freem m.-re elian<-.*, but >.m-.* having gane-d a A-of 
hold it continually increases in f»*m\ 

Sueh a pre*lVre*tii*e* may he stateel in t*w»i; eO m> idal bb* a.» an 
unreasoned pre-jmiie-e* or a efrt-ael ot saving <*u* * hue, too »*. * n 
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and a consequent tendency to say the other thing too often. It 
may arise easily from accidental circumstances which act as sug¬ 
gestive hints to the mind hard pressed for some basis on which to 
form a judgment in the absence of a clear sense-difference. In 
the language of physiological psychology, such an increasing 
tendency indicates the formation of a neural habit, with an ever- 
increasing facility of discharge along one path of expression 
rather than the other. Practice, instead of increasing the indi- 
viduals ability to judge, results in further facilitation of this 
mode of discharge with a corresponding tendency to eschew the 
disfavored alternative. 

It is not probable that: there is any sense-difference at the 
roof of this tendency to prefer one mode of expression to another. 
With minimal differences practice does not result, in an increase 
in the power of sensory discrimination. Only an increase in the 
constant error occurs, and this is attributable, not so much to an 
apparent increase in the amount of difference, between two given 
weights, as to an increasing tendency on the observer's part to 
setth* doubtful cases by indicating the second weight. 
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XI. 

VAEIABILITT. 

The confidence which can be placed in the results of any 
group of experiments is indicated to a certain extent by the 
amount of variation between the different series going to make 
up the group. If successive series of 100 judgments give very 
discordant results, those results are of less statistical use than 
the results of more homogeneous series. 

TABLE IX—'VAEIABILITT. 

TM median and average amount of the mean variation in the several groups. 

Median Average 


Group 

Table 

Relative Position, 
of the Weights 

No. of 
Series 
in Group 

No. of 
Cases 
in Series 

of the 
Vari¬ 
ations 

of the 
Vari¬ 
ations 

P 

II. 

Left first; standard first 

7 

50 

1.6 

1.6 

Q 

II. 

Left first; standard second 

7 

50 

2.5 

2.4 

R 

II. 

Left first; standard 1st and 2d 

7 

100 

2.3 

2.6 

S 

II. 

Right first; standard first 

7 

50 

1.5 

1.8 

T 

II. 

Right first; standard second 

7 

50 

2 

1.7 

U 

II. 

Right first; standard 1st and 2nd 

7 

100 

2.2 

2.5 

Y 

II. 

All orders 

14 

100 

2.7 

2.8 

Minimal 

III. 

Left first; standard first 

10 

100 

3.7 

4 

Sameness 

IV. 

Left first; standard first 

6* 

100 

5.6 

4.9 


* The first six differences only; from —0.5 to +3. 


Table IX shows the average and median value of the mean 
variations in different divisions of the experiment. Neither way 
of expressing the value is quite satisfactory, and it will be neces¬ 
sary to refer to the original tables for more explicit data. Of 
the groups in Table II, those which afford the greatest number 
of correct answers have regularly the lowest variations. The 
arrangement with the standard first gives very much more con¬ 
stant results than that with the standard second. 

Group P (second greater, left) has the lowest mean variations 
as well as the greatest number of correct judgments, and Q 




1910] 


Brown: The Judgment of Difference. 


69 


(second less, left) is at the other extreme. On the whole, both 
time orders together, the arrangement with the second weight to 
the right gives the most reliable results, particularly for the 
larger differences, as well as the largest number of correct judg¬ 
ments. It should be remembered, however, that this group (U) 
was begun after the completion of the larger part of the other 
group (E). In Group E there was a constant tendency to prefer 
as heavier the first (right-hand) weight. The observer became 
conscious of this tendency and, though its existence was denied 
by the experimenter, made ineffectual efforts to overcome it. This 
fact might account for the greater irregularity of the whole group 
but not for the great advantage of one time order (P) over the 
other (Q). This distracting idea did not occur when the second 
weight was on the right-hand side, and in that group (U) there 
is less difference between the two time orders. The observer felt 
that the absence of a constant tendency (so far as she knew) 
made the judgments of Group U easier. This feeling, which 
arose in spite of the fact that the arrangement of Group E 
(second, left) was chosen at the beginning as more natural, may 
be connected as cause or as effect with the better results obtained; 
that is, the feeling may indicate that the conditions were actually 
better, or it may arise simply from the slight decrease in the 
number of corrections received. 

Since there are constant tendencies for each time and space 
order, it is evident that the mean variation of single groups 
should be less, as a rule, than that of combined (time—or space- 
order) groups. This result is most distinct when the constant 
tendencies are most marked. In general, however, the average 
for the combined group (Y), being based on double the number 
of cases, has a lower probable error than the averages of the 
simple groups. When it is not certain which simple group will 
have the best conditions for attention or judgment, the safest 
inferences, with a minimum of experimentation, can be drawn 
from the combined group. 

The mean variations for the series with minimal differences 
are larger, on the whole, than those of the main series just men- 
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tioned. Although it is not possible in this ease to observe any 
decrease in the variability as the differences become larger, yet 
the series as a whole confirms the data of Table II in that the 
variability is found to be larger when the conditions of judgment 
are such as to permit of only a small majority of correct answers. 

■With regard to the choice of an arbitrary “threshold” for the 
comparison of individuals or for testing Weber’s law, it is a 
pertinent fact that the general increase of right judgments due 
to increasing the amount of difference between the weights is 
followed by a decrease in the mean variation. A few observa¬ 
tions on a large difference are therefore as significant as a larger 
number on a smaller difference because of the lower probable 
error of the average when the difference is large. There is 
nothing to indicate that a “just noticeable difference,” e.g., one 
giving 75% of right answers, gives particularly reliable results 
from this point of view; there is positive evidence that a larger 
am m int of diff erence affords a truer measure of the observer’s 
average ability. 

If mistakes in judging difference are of the nature of lapses 
of attention, they may be attributed to distraction. There are 
always a certain number of conditions present which tend to 
reduce the maximum of mental efficiency and it may be presumed 
that these amount to a constant distraction. With lessening 
amounts of difference such constant distractions nullify more and 
more frequently the influences of the difference. A change in the 
regular conditions, such as the substitution of a less favorable 
space or time order, is equivalent to the introduction of a fresh 
distraction, and the result is an increase in the number of 
mistakes. 

Constancy of attention may be inferred from a relatively low 
variation in the number of errors for any given amount of 
difference or for a whole group. A low variation may also mean 
the elimination of excessively large errors as has been claimed 
above. At any rate, the experiment shows that a low mean 
variation accompanies a decrease in the total number of errors 
whatever the cause of that decrease. Conditions of keenest dis- 
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crimination are also conditions of most reliable judgment; states 
of steady attention are associated with states of sharpened atten¬ 
tion, The frequency of lapses of attention can be predicted with 
greatest assurance when the whole number of lapses per hundred 
is least. This minimum of errors is attained under conditions of 
easiest attention, that; is, when a large difference and a positive 
constant tendency unite to increase the number of right judg¬ 
ments, On tin 1 other hand unfavorable conditions, while reduc¬ 
ing the number of right judgments, reduce at the same time their 
reliability. 

To free the observer from strain upon his attention is desir¬ 
able for itself and, inasmuch as so doing increases the statistical 
value of his judgments, there can be little*, question that large 
differences rather than ‘‘threshold” values are the best substitute 
f«r a complete series of differences in cases when the complete 
series is precluded. 
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INTRODUCTION. 

The decade that is just now drawing to a close has witnessed 
a notable extension of the field of psychological research. In 
the beginnings of modem psychology the field of experiment 
was seldom extended beyond the domain of sensation. Progress 
in physics and physiology made it possible to subject our sensa¬ 
tions to experiment, and for some time the sensory processes 
received the chief share of the attention of psychologists. It 
was not long, however, before the emotions began to receive their 
due amount of consideration and the invention of the plethys- 
mograph opened the way to a new line of research. But only 
within the last ten years has the experimental study of such 
higher processes of thought, as abstraction, commenced to de¬ 
velop. The impetus to this new development has come mainly 
from Professor Oswald Kiilpe at the University of 'Wurzburg. 
The present research, although its origins are not to be traced 
to the school of Wurzburg, belongs to the field which Professor 
Kiilpe and his students have so admirably developed. Our 
I problem was to study the mental processes involved in the 
[formation of our abstract ideas. It is indeed true that the very 
existence of such ideas has been called in question. Still we 
may at present assume, for the purpose of stating our problem, 
that it is possible for the mind to perceive a series of objects, and 
to recognize some one quality or group of qualities as recurring 
constantly in every member of the series. The botanist exam¬ 
ining a set of specimens will classify them according to certain 
characteristics which mark off the genera and species. The 
group of characteristics constitutes what may be termed his 
concept of the genus or species that he has segregated. Of each 
species he has a more or less definite “concept,” by which he 
can represent to himself a number of specimens, no two of which 
are precisely the same. Sueh “concepts,” whatever may be 
their real nature, are facts of conscious experience; we form 
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them and use them incessantly. But what after all is the 
“concept”? What is the process of its formation? This is 
the problem of the present research. 

The history of the problem dates back to the days of the 
Greek philosophy; but only within the last few years has it 
been subjected to an experimental investigation. The more 
recent literature is of immediate interest for our present prob¬ 
lem. The metaphysical discussions, valuable as they are within 
their own sphere, bear only indirectly on the experimental 
question. Consequently, only the experimental literature bear¬ 
ing in some manner on the process of abstraction has been 
analyzed. Not every allusion in the extensive psychological 
literature of the day could be picked out, but a general account 
of the important pieces of experimental work from Galton to 
the present time has been given. The individual studies have 
been analyzed with some completeness because the history of 
the literature is an integral part of the evidence on one point 
of the present study > viz.: Is there or is there not a distinction 
between thought and imagery; and if so, in what sense is thought 
to be interpreted? 
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I. 

LITERATURE OF THE PROBLEM. 

The first experiments which in any way approached the 
domain of our abstract ideas were made by Francis Galton m 
1878. In the Proceedings of the Royal Institution of Great 
Britain for 1879 1 was published his memoir on Generic Images. 
In this article he refers to an earlier one in the Journal of the 
Anthropological Institute for 1878.“ The bearing of these ex¬ 
periments on abstraction is suggested rather than direct.. But 
they have become the basis of the now famous composite-image 
theory of ideas, and are therefore deserving of mention. Galton 
described in this article the composite photographs which he 
had just succeeded in obtaining. These he compared to our 
general impressions.” Just what he meant by our genera 
impressions” is not clear; but he congratulates himself that his 
explanation coincides with that of Professor Huxley m his work 
on Hume. “I am rejoiced,” he says, “to find that from a 
strictly physiological side this explanation is considered to be 
the true one by so high an authority, and that he has, quite 
independently of myself, adopted a view which I also enter¬ 
tained and had hinted at in my first description of composite 
portraiture, though there was no occasion at that time to write 
more explicitly about it.” 3 

Huxley’s meaning is clearer, and to him we may turn for 
an outline of the theory. In the above-mentioned work on 
Hume, the following quotation gives a clear idea of the generic 
image’theory of general concepts. 


2 This^ article is mainly concerned with the technique of composite 
^Tploceedings of the Boyal Institution of Great Britain , 9, 1879-1881, 

p. 166. 
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“Now when several complex impressions which are more or 
less different from one another—let ns say that out of ten 
impressions in each, six are the same in all, and four are dif¬ 
ferent from all the rest—are successively presented to the mind, 
it is easy to see what must he the nature of the result. The 
repetition of the six similar impressions will strengthen the 
six corresponding elements of the complex idea, which will 
therefore acquire greater vividness; while the four differing 
impressions of each will not only acquire no greater strength 
than they had at first, hut in accordance with the law of asso¬ 
ciation, they will appear at once, and will thus neutralize one 
another. 

“This mental operation may he rendered comprehensible hy 
considering what takes place in the formation of compound 
photographs—where the images of the faces of six sitters, for 
example, are each received on the same photographic plate for 
a sixth of the time requisite to take one portrait. The final 
result is that all those points in which the six faces agree are 
brought out strongly, while all those in which they differ are 
left vague; and thus what may he termed a generic portrait 
of the six, in contradiction to a specific portrait of any one, is 
produced. ... 

“The generic ideas which are formed from several similar, 
hut not identical, complex experiences are what are commonly 
called abstract or general ideas; and Berkeley endeavored to 
prove that all general ideas are nothing but particular ideas 
annexed to a certain term which gives them a more extensive 
signification, and makes them recall, upon occasion, other indi¬ 
viduals which are similar to them. Hume says that he regards 
this as 4 one of the greatest and the most valuable discoveries 
that has been made of late years in the republic of letters/and 
endeavors to confirm it in such a manner that it shall be put 

beyond all doubt and controversy.’ 

“I may venture to express a doubt whether he has succeeded 
in his object; but the subject is an abstruse one; and I must 
content myself with the remark, that though Berkeley’s view 
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appears to be largely applicable to such general ideas as are 
formed after language bas been acquired, and to all tbe more 
abstract sort of conceptions, yet that general ideas of sensible 
objects may nevertheless be produced in the way indicated, and 
may exist independently of language.” 4 

It would thus seem that Huxley’s theory—and probably 
Galton’s also—is that only our abstract ideas of sensible objects 
are to be compared with the composite photographs. Galton 
points out that the mind in forming its generic images is much 
less perfect in its mechanism than the camera. “Our mental 
generic composites are rarely defined; they have that blur in 
excess which photographic composites have in a small degree and 
their background is crowded with faint and incongruous im¬ 
agery. The exceptional effects are not overmastered, as they 
are in the photographic composites, by the large bulk of ordinary 
effects.” 5 

The experiments on composite photographs were not experi¬ 
ments on abstract ideas—they merely suggested a theory of 
general concepts. Nor did Galton’s later experiments on mental 
imagery 6 approach very much nearer the problem. They called 
general attention to mental imagery and perhaps stimulated the 
next investigation of any importance 7 which was made by Ribot. 

In October, 1891, M. Ribot published in the Revue Philoso- 
phique 8 his “Enquete sur les idees gen6rales.” This he after¬ 
wards amplified in the fourth chapter of his book, Revolution 
des idees generates 8 His problem was this: At the moment of 
- t-ViinVing or reading or hearing a general term, what is there m 
consciousness— immediately and without reflection? On the 
basis of the imagery which his subjects reported he classified 


4 Huxley, David Ernie . New York, 1879, pp. 92-94 
3 Loc . cit p. 169. 

0 Cf. Inquiries into Euman Faculty , 1883, Section on Mental Imagery. 
7 Thp article entitled “Observations on General Terms,” by S. E. 
Wiltse in tlie American Journal of Psychology, 3, 1890, pp. 144-148, was 
only tentative and contained no definite results. 

s Yol. 32, pp. 376-388. 


s Paris, 1897. 
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them into: (1) The concrete type (visual or muscular imagery 
of an object). (2) Typographic visual type (visual image of 
the printed word). (2) Auditory type. A great many of his 
subjects said that they htui nothing in mind. For example, 
fifty per cent, of the answers to the imagery of the word ‘cause’ 
said that the subjects had represented to themselves nothing at 
all. M. Ivibot then asked himself the question, What is this 
“nothing”? The word alone? No. Otherwise there would he 
no difference between a general term and a word of a language 
that tme did not understand. The word is a sign of some object. 
We have learned the mental habit, of designating many objects 
that have some [mint; of agreement by this symbol. The objects 
designated lie hidden and are unconsciously represented by this 
general term. “General ideas art* habits in the intellectual 
order.” Our higher concepts consist of two elements—one clear 
and conscious, and this is always the word which may at times 
be accompanied by some shred of imagery. The other element 
is obscure and unconscious. M. Ribot refrains from saying 
precisely what this obscure and unconscious element is. From 
the contest it would seem that lit* means the unconscious trace 
left by the habitual use of the word to designate various objects. 

A word of criticism may be said in passing. M. Ribot’s 
interpretation of this “nothing,” which accompanies the per¬ 
ception of a general term, is purely theoretical and is not based 
on any published data given by his subjects. Furthermore, 
he has not followed out his sign theory to its logical conse¬ 
quences. For every sign, we have cm the one hand the object 
signified and on the other, the signification. Smoke has on the 
one hand fire, of which it is a sign, and on the other a signifi¬ 
cation in the mind of the observer. If, then, general terms arc 
sums, they have on 1 he one hand the objects that they signify, 
and on tin* other a signification. This signification, as M. Ribot 
admits, is not flu* image: and not the word itself. It certainly 
is not the unconscious factor he* speaks of—for he would scarcely 
maintain that- his subjects wu*re not conscious of. the meaning 
of the word. It is therefore a clearly conscious mental process 
distinct from hath the image* and the word. 
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M. Ribot’s work comes closer to being an experimental study 
of the problem than Galton’s experiments on composite photo¬ 
graphs. Had he examined the state of mind of his subjects 
when they lacked imagery and not trusted to theory on that 
point, he would have carried his investigation into the heart of 
the problem of abstract ideas. 

After Galton and Ribot the study of mental imagery took 
up no small portion of the time and labors of psychologists. 
But the extensive literature on imagery is not directly concerned 

with, the problem of abstraction. 

An excellent piece of work in this field of research is that 
of William Chandler Bagley of Cornell University. 10 He under¬ 
took to study the effect of imperfectly formed words on the 
perception of spoken sentences, and parts of sentences. The 
words and sentences were first recorded by a phonograph, the 
initial, middle, or final consonants being unpronounced. The 
subject listened to the phonograph, and was called upon to 
repeat what he heard, and analyze the mental processes he 
experienced. The section of the work which bears upon our 
problem is that entitled “The Conscious Process Involved in 
the Apperception of Spoken Symbols.” In comparison with 
the later German experiments, Dr. Bagley’s are remarkable for 
the very frequent occurrence of imagery of one kind or another. 
His subjects in perceiving the meaning of sentences report with 
surprising frequence the presence of visual, auditory or kin¬ 
esthetic imagery. This might be due to the fact that Dr. 
Bagley’s subjects were capable of sharper introspection than 
the German psychologists. Still this can hardly be the case. 
The German psychologists, among whom are such men as Pro¬ 
fessor Kiilpe, cannot be supposed to be lacking m the power 
of introspection. Another possible explanation is that Bagley 
laid special stress upon the report about imagery and in that 
way developed in his subjects a “task” to associate definite 
images with the given sentences. 




134 . 
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Though his subjects generally experienced imagery in the 
perception of the meaning of a sentence, still he finds cases 
in which this imagery is lacking. One factor which has to do 
with the lack of imagery is that “familiarity with the sentence 
sometimes militates against a clear and direct reference on the 
part of the observer/' In this his results agree with those of 
Dr. Taylor reported below. 11 Bagley’s general conclusion is 
that, 

“The consciousness concomitant with the apperception of 
auditory symbols is made up of sensational and affective ele¬ 
ments—some peripherally, some centrally aroused—in connec¬ 
tions which vary in character with different individuals and 
under different conditions. These connections are arranged in 
patterns which change rapidly into one another, and are in 
general transitory and fleeting. When the attention is directed 
to the peripherally excited elements exclusively—when the ex¬ 
ternal stimuli occupy the burning point of apperception—the 
meaning which they as symbols should convey is not clearly 
apperceived. When the attention is directed upon the centrally 
aroused ideas which the symbols suggest, the ‘meaning’ is ap¬ 
perceived, but errors and lapses in the stimuli are apt to pass 
unnoticed.” (p. 125.) 

He thinks that Stout goes too far in suggesting the existence 
of representative mental contents different from “visual, audi¬ 
tory, tactual, and other experiences.” He thinks that his ex¬ 
periments lead him to no such conclusion. “From the series 
of observations which were made in the course of our experi¬ 
ments, no conscious ‘stuff’ was found which could not be classed 
as sensation or affection, when reduced to its ultimates by a 
rigid analysis. Neither do our experiments show that there is 
in the apperception of spoken sentences such a thing as image¬ 
less apprehension.’ ” (p. 126.) 

Still Dr. Bagley finds something which he does not feel 
justified in putting down as either imagery or feeling. To 
this something which is not imagery or feeling and still has to 


ii See p. 87. 
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do with the understanding of the sentence, he applies the name 
‘mood.’ “We may say with Stout that the new is referred to 
a mental ‘system,’ in so far as such a system is a mood, an 
attitude, a tendency, ah adaptation. The mind adjusts itself 
uniformly to uniform conditions: this seems to be the essence 
of the apperceptive ‘mood.’ When C, in the sentence 
“The play was bad,” interpreted ‘play’ as a drama, her mind 
adapted itself in a degree to the drama environment. This 
was not necessarily a focal reference to a given play, but the 
mind was in the dramatic ‘mood.’ Should particular parts 
of a typical play-environment have been ideally reproduced, the 
situation would only have been reinforced. Should certain 
verbal ideas such as ‘drama,’ ‘theaters,’ ‘Shakespeare,’ etc., have 
been reproduced in consciousness, either visually, auditorily or 
kinesthetically, these ideas would have been constituents of 
the dramatic ‘mood,’ but not necessarily the fundamental con¬ 
stituents. The fundamental constituents may and do vary from 
time to time. Only very seldom can they be called constant, 
and the ‘constant supplements’ which we have noticed are in¬ 
stances of such occasions. The fact that the focal constituents 
of the apperceptive consciousness are not necessarily consistent 
with the situation represented bears testimony to this point of 
view. “There was not room for a stove in the corner”; with 
this sentence one observer imaged distinctly a stove in the 
corner of a small, otherwise bare room. His own surprise at 
the inconsistency of this imagery was shown by his exclamation 
upon recording the introspection: “But there was a stove 
there!” (p. 127.) 

A ‘mood,’ therefore, is something that has to do with the 
past experience of the subject in regard to the words of the 
sentence that is understood. Just what it is, as a present psy¬ 
chical state, Dr. Bagley does not say. It is the revival of past 
experience. It is not mental imagery, although mental imagery 
enters in as a partial element in the complex termed ‘mood.’ 
If this is so, what is that present psychical state in the mood, 
which is neither imagery nor feeling? It is not past experience, 
fdr the past is not present. It is not revived imagery and 
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feeling, for I>r. Bailor admits that the mood contains something 
besides imagery ami feeling. It therefore seems that Dr. Bagley 
has found something more than he is willing fully to recognize. 
His experiments, like those of the later German writers, reveal 
the existenee of an imageless mental content. Just what we call 
this is not of prime, importance. But its existence should be 
recognized. 

In 11101 appeared MarbeV* experimental study of judgment. 
His main problem is not. that of the present work, but it is an 
early attempt to apply the experimental method to supra- 
sensuous mental processes, lie also mentions, as a side issue, 
his attempt to develop the experiments of Ribot. The work 
was done in Professor Kiilpe’s laboratory at the University of 
Wurzburg, where Dr. Marin* was at the time Privatdozent of 
Philosophy, The method is essentially the same as that of the 
later Wurzburg experiments which are, described below. His 
final conclusion in regard to the judgment is that any special 
mental process--a word or gesture or image—may become a 
judgment. Taken literally, this eone.lusion is not borne out by 
the experiments. What they seem to prove is that a judgment 
may he signified by a variety of different processes. And this 
may be the author’s meaning (ef. Chapter III). The perception 
of a judgment, however, is not a sensation or an image or a 
feeling, or anything that can be pointed out in consciousness. 
The perception of a judgment, is a knowing—a “Wissen” (ef. 
p. 17). 

In his concluding remarks on experimentation in the domain 
of logie Dr. Marhe mentions Ribot,’s work, L’Evolution dSs 
iiliis <I< nr nth s, and refers to some similar experiments of his 
own on ideas and imagery. His meaning is not clear to me, so 
1 quote entire the brief aecmmt. of his work in this field (pp. 99- 
1011, 

••Sett den Zeiten des Sokrates hat; man angenommen, da8 
den Begriffen im Bewusstsein au.sser den zugehorigen Worten 
irgHid ef was direkf entspreche, d. h., dal! es neben diesen "Worten 

s : K. lOtirrimrnMl iwyrhnlwHvhv UtUmwhwit/rn $b«r das t 

Trlrsl, Luifmigt 11*01. 
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psychisehe Gebilde gate, welche der Gesamtheit der Gegen- 
stande, auf welche sich die Worte beziehen, korrespondieren 
sollen.' Diese Gebilde wurden urspriinglich, wie gelegentlich 
noch heute im Gegensatz zu den Worten, die nnr Zeichen ihrer 
Bedeutungen sind, als Abbilder derselben auf gef asst, indem sie 
die gemeinschaftlichen Merkmale ihrer Gegenstande im Bilde 
enthalten sollten. Solche psychisehen Gebilde hat man spater 
je nach dem Grade der Abstraktheit, den man ihnen zuschrieb, 
bald als Gemeinbilder, bald als allgemeine Vorstellungen, bald 
als Begrifllsvorstellungen bezeichnet. Obgleich, wie bekannt, 
ihre Existenz schon im Altertum nnd Mittelalter bestntten und 
in der Neuzeit hauptsachlich durch Berkeley bekampft wurde, 
so halt man doeh auch heute noch vielfach in der einen oder 
anderen Form an derselben fest. Auch die Frage, ob es solche 
psychologische Aquivalente der Begriffe giebt, ist eme rein psy- 
chologische, und ihre Behandlung sollte nicht, wie es m der 
Regel geschieht, mit logischen Untersuehungen vermischt wer- 
den Die Aussagen unserer Versuchspersonen iiber die Bewusst- 
seinsvorgange, welche sie nach dem Erleben von Urteilsworten 
und Urteilssatzen zu Protokoll gaben, enthalten iibrigens mchts 
von solchen ParaUelerscheinmigen der Begriffe, ebensowemg, wie 
die wertvollen Untersuehungen von Ribot, 13 m welchen dieser 
Forscher einer Reihe von Beobachtern Substantiva zurief, urn 
sich dann von ihnen sagen zu lassen, was die gehorten Worte 
fur Erlebnisse auslosten. Ich selbst habe mehreren Beobachtern 
ca. 20 Substantiva zugerufen und mir dann von ihnen benchten 
lassen was fur Erlebnisse die zugerufenen Worte erzeugten. 
Dann gab ich denselben Beobachtern der Reihe nach verschiedene 
Karten in die Hand, auf welchen jeweils ein Substantivum auf- 
gedruckt war, wahrend sie nach einigen Augenblicken die Erleb¬ 
nisse zu Protokoll geben mussten, die durch den Anbliek der 
gedruckten Worte in ihnen ausgelost wurden. Endhch stellte 
ich ihnen die Aufgabe, die Begriffe: Baum, Volk, Gesellsehaft, 
Zeit u a zu denken und mir dann die Resultate ihrer Bemu- 
hungen mitzuteilen. In alien diesen Fallen zeigten die Proto- 

13 L ’Evolution des idees generates. Paris, 1897, p. 127fE. 
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kolle nichts von Begriffsvorstellnngen u. dergl. Die Erlebnisse 
der Beobachter bestanden vielmebr ansscbliesslicb in Wahrneb- 
mnngen, Vorstellungen und Bewusstseinslagen, die teilweise 
gefiihlsbetont, teilweise ohne jeden Gefiiblston verliefen. Man 
wird also wohl sagen diirfen, daB es keine psycbologiseben 
Aquivalente der Begriffe im Sinne der Begriffsvorstellungen 
giebt. Jedenfalls aber seben wir leieht ein, daB aneb diese Frage 
experimented bebandelt werden kann und muB und daJB sie die 
Logik weiter nicht tangiert.” 

Tbe obscurity arises from tbe fact tbat it is not perfectly 
clear wbetber Marbe merely denies tbe existence of tbe general 
images wbicb Bisbop Berkeley 14 termed abstract ideas, or tbat 
be claims tbat there are neither general images nor universal 
concepts. 

It would seem, however, tbat Marbe found no evidence for 
tbe existence of a general image in tbe understanding of tbe 
words given to his subjects. He did find, however, Wahrneh- 
mungen, Vorstellungen, and Bewusstseinslagen. This latter is 
a term introduced by Mayer and Orth 15 to represent certain 
“states of mind” which are more or less refractory toward all 


i 4 * 1 Whether others have this wonderful faculty of abstracting their 
ideas, they can best tell; for myself I dare be confident I have it not. I 
find indeed I have indeed a faculty of imagining, or representing to 
myself, the ideas of those particular things I have perceived, and of 
variously compounding and dividing them. I can imagine a man with, 
two heads, or the upper parts of a man joined to the body of a horse. 
I can consider the hand, the eye, the nose, each by itself or separated 
from the rest of the body. But then whatever hand or eye I imagine, it 
must have some particular shape and colour. Likewise, the idea or man 
that I frame to myself must be either of a white, or a black, or a tawny, 
a straight or a crooked, a tall or a low, or a middle-sized man. I can not 
by any effort of thought conceive the abstract idea described [in his 
previous account of the abstract ideas of the traditional logic]. And it 
is equally impossible for me to form the abstract idea of motion distinct 
from the moving, and which is neither swift nor slow, curvilinear nor 
rectilinear: and the like may be said of all other abstract general lcLeas 
whatsoever. 99 A Treatise concerning the Principles of ^man Knowledge. 
Introduction, 10, pp. 141-142, vol. I of Fraser’s Oxford (1871) Edition 

it 8 is evident from the context that Bishop Berkeley does not dis- 
tinguish between the mental image and the abstract concept between 
what is termed by the later Wurzburg School the Vorstellung and the 
Begrif . 

is ‘ f Zur qualitativen Untersuchung der Association. ’ 9 Zeitschrift fur 
Psychologie und Physiologiej 26, 1901, p. 6. 
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analysis—and in which, images ( Vorstellungen ) are not to be 
found. In a later study 16 Dr. Orth attempted to show that the 
Bewusstseinslage was not a state of feeling. 

That part of Dr. Narziss Ach’s work Uber die Willenstatig- 
Jeeit und das Denken, 17 which refers to thought has a direct 
relation to this line of work, which we may consider as originat¬ 
ing in Ribot’s “Enquete sur les idees generates.” The Bewusst¬ 
seinslage of Marbe appears under the name of Bewusstheit. 
This author too has recognized the existence of mental states 
in which there “could not be detected any such phenomenal 
elements as visual, auditory, or kinesthetic sensations or memory 
pictures of such sensations which qualitatively determined the 
mental content reported as knowledge” (p. 210). There are 
often present along with such states of consciousness words or 
fragments of words. “Such a presence of kinesthetic or audi¬ 
tory kinesthetic images may well be the cause of the widely dis¬ 
seminated hypothesis that our thought continually takes place 
in an inner speech or adequate visual, acoustic, or similar kinds 
of memory images. Against such a view one must point to 
the fact that there are very complex contents in which, as already 
mentioned, the partial contents are consciously represented in 
their manifold opposing relations and still these individual con¬ 
tents are not expressed by any adequate vocal designations and 
the like—and indeed, it is absolutely impossible that they should 
be” (p. 215). 

The question then arises, what are these imageless states of 
consciousness ? This Dr. Ach explains by an example: “Every 
idea which is given in consciousness, for example, the word 
‘bell’ puts, as is well known, a number of ideas in readiness, 
with which it stands in associative connections. This putting 
of ideas in readiness, or stimulation of tendencies to reproduc¬ 
tion, suffices for the conscious representation of what we call 


Dr Johan Tina Ortlij Gcfulil und JB 6wussts6i7isl(X£f6^ S&mniliiiig von 
Abliandlungen ans dem Gebiete der PSdagogischen Psychologies und[Physi¬ 
ologic, edited by Ziegler and Ziehen. Yol. 6, No. 4. Berlin, 1903, of. 
especially pp. 69-75. 

17 G-ottmgen, 1905. 
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c meaning’ without its being necessary that the ideas should act¬ 
ually become conscious” (p. 217). A nonsense syllable or a 
word in an unknown language does not place in readiness any 
such set of tendencies to reproduction and consequently has no 
meaning. Every signification and every idea is an associative 
abstraction because it picks out some of a vast number of pos¬ 
sible associations. And no signification is identical with any 
other but only more or less analogous. 18 

The problem of the understanding of words and sentences 
was taken up by Dr. Clifton 0. Taylor in 1906. 19 His first 
experiment was based upon a similar one made by Marbe in 
the “Philosophischen Gesellschaft” during the winter semester 
of 1904, and may be considered as a continuation of Marbe’s 
line of work. He read to his subjects the following sentence: 
Ci Imagine that in a rectangular space a plane is laid passing 
through the upper and lower edges of two opposing sides. The 
plane then must stretch obliquely through the space. How 
many such planes can you imagine in this space?” Then fol¬ 
lowed seven subordinate tasks based upon this fundamental 
problem. 

Prom the protocol obtained from his subjects it was evident, 
that for the understanding of sentences expressed in concrete 
terms the development of mental images can be useful, but 
that they are not indispensable. These auxiliary images be¬ 
come less frequent the more familiar the subject is with the text. 

A second experiment was carried out in which the subject 
read a text from Gegenbauer’s “Anatomie.” He had to take 
care that he understood the text perfectly, and while reading 
marked the places where he experienced any mental imagery. 
Visual imagery aided materially in understanding the text. 
But on writing out the text and then rereading the written copy, 
the imagery was reduced from fourteen pictures to but one in 
the third reading. On the other hand, from experiments with 

is For a criticism of Dr. Ach’s view see below, p. 181 ff. 

is^Ueber das Verstehen von Worten und Satzen. ” Zeitschrift fur 
Fsychologie, 40, 1906, pp. 225-251. 
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the following stages: (1) The hearing of the word. (2) The 
perception of its sense. (3) An effort to call up an image or 
determine a thought. (4) The appearance of the image. One 
of the observations of Armande shows very clearly the distinc¬ 
tion between stages two and three. “As yet there are no images 
(at the moment of choice) and I know why there are none: 
When there are many things such—for example, a house, there 
are many houses—it is necessary to choose. Just then I think 
about it without representing anything to myself as an image’’ 
(p. 75). Sometimes, however, says Binet, the image comes with¬ 
out being sought. 

Binet gives a special chapter to the problem of thought 
without images. The conclusion at which he arrives is that 
neither visual imagery nor internal words, either alone or to¬ 
gether, account for that complex mental process which we term 
thought. The grounds for this conclusion are the many in¬ 
stances in which his subjects had not and could not find any 
visual imagery for their thoughts. And again there were times 
when he thought that he could determine that word-imagery 
was also entirely lacking. 

Binet also attempted, and with success, to have his little 
girls give a rating for the clearness of their images. These 
ratings ranged from 0 for very weak images up to 20 for images 
as clear and well defined as actual sensations of sight. 

In Marguerite there were three well-defined groups : 

I. A group in which the rating was usually 20, or a little 
below. This group contained memory images of well known 
objects or things recently seen. 

II. A group in which the rating ranged from 10 to 15. This 
group contained memory images of objects not recently seen. 

III. A group in which the rating ranged from 3 to 6. This 
contained memory images of things read or heard about and 
fictitious images of imagination. 

With his other subject, Armande, the differences were not 
so clear. M. Binet gave up hope of finding any regularity. 
He published, however, the ratings for the three classes. The 
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averages, which he did not give, are for Class l, 6.2; Class II. 

49 - Class III, 2.8. Considering that Armaiule's ratings ranged 
from 0-12, and Marguerite's from 0-20, one would not expect 
the classes to be so well defined. The ratings of Armando, 
however show the same, tendency as those of Marguerite—only 
not so marked. The small number of eases, however, leaves tlu* 

result uncertain. 

In his discussion of the theory of abstract thought and image* 

M Binet says that his data would support any theory. It> 
makes this claim on the basis of a strange assumption that th«‘ 
discussions between nominalists and realists ami cmiceptualist* 
have always concerned image; and not thoughts. He does not 
exactly state this assumption but it is evident from the text . 
He then comes to his intentional theory of the. image. Ihc 
image mav be used by the person to represent a particular or 
general signification. It represents whatever the subject intend* 
that it should. He would place, therefore, intentionism as s*. 
new theory alongside of realism, nominalism, and conccptualisi**. 
With Binet then there is thought, image, and object. 1 lit* 
image is an arbitrary sign to which the subject gives at will 
a particular or general significance. In our mental life thoro 
are those distinct classes of phenomena thought, image, and 
interior language. Association alone does not account for tin* 
mechanism of thought. It is more complex and supposes con¬ 
stantly such operations ns choice and direction. The stream 
of thought is far wider and deeper than that of our imagery. 
The last sentence of the book is this; ‘'Finally ami this in 
the main fact, fruitful in consequence* for th« phdosophem 
the entire logic of thought scapes our imagery.” 

The next experimental work on attraction was that *d 
Professor Kttlpe. A report of this was read at the (lernuitt 
Psychological Congress, which met at < Hessen in the wimmer 
of 1904. This was the tginnmg of a series of experiment a, l 
studies by several of Kttlpe’a students in his laboratory id 
Wureburg. 

The first experiments of Professor Kul|x* were made in the 



1910 ] 


Moore: The Process of Abstraction. 


91 


Hummer of 1900, with Professor Bryan of Indiana. 21 Kiilpe 
was not satis lied with these and decided to take up the problem 
again with improved methods. By means of a stereopticon 
lantern he projected upon a screen in a dark room the figures 
that were to be observed by the subject. The objects pro¬ 
jected were nonsense syllables, four in number, which were 
grouped at equal distances around a given point of fixation. 
Each nonsense syllable consisted of a vowel and two consonants. 
Th« syllables might be in four different colors—red, green, 
purple, or black. In the different experiments also the four 
syllables were grouped so as to form various figures. A group 
of syllables forming with their different colors some kind of 
a figure was termed by Kiilpe an object. The subject could be 
instructed to observe the object from some definite point of 
view, or ho could be left to observe the object without any 
prescribed task. There were four points of view given to his 
subjects: 

1. The determination of the entire number of letters visible. 

2. The determination of the colors and their approximate 
positions in the field of consciousness. 

2. The determination of the figure which the grouping of 
the syllables formed. 

4. The determination of as many letters as possible, with 
their positions in the field of vision. 

The number of statements possible to any subject about the 
individual letters could be classified as follows: (a) The entire 
number of statements made; (6) the correct statements; (c) the 
incorrect; (d) the indeterminate statements; and ( e ) those that 
could have been made but were not. Bach division could then 
Ixi rated by its proper percentage of the entire number of state¬ 
ments. Where task and statement come together (».«., in the 
statements about the task) the percentage of correct (b) state¬ 
ments is a maximum and that of unmade ( e ), indeterminate (d), 
and in general also false (c) statements is a minimum. This 

at o, Kilt|Mi, “ Vortmche ilber Abstrakticm." Bericht fber den I. Kon- 
yrem filr uxperimmteUe Psychologic in Giessen, 1904. Leipzig, 1904. 
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ves that “Abstraction in the sons.- of an accentuation of 
certain portions of a mental content, »>., positive abstraction, 
sncmHis best when » preoccupation of cotiHciouancHs-a predis¬ 
position for the partial content, is given or provulcd for.’* 

(on. (it-, P- tib) , , . ,, 

i Negative abstraction.the tendency to neglect or forget all 

but the one tiling abstracted is the more complete the greater 

the difficulty of the task. . 

In explaining those results Kiilpo asks what is the reason 

for the effect of the task? “Were, 1 * he writes, “the dement * 
or the color * seen differently under the influence of eorreapoiul- 
hlK or heterogeneous tasks, or were they apprehended (auftf- 
differently? ■ • • Aeeording to .mr protoeol ami the 

n't ire conditions id' the experiment, to that question one cam 

only «»»>V.T H.nt ll»- 1U» m.nly, •*»',"A’. 

in the apprehension and not in the sensations tp. <>(,). t In* 
task does not affeet sensation but it does affect apperception. 

If that is so then there must be a distinction between sensation 
and .mr perception of them, “That this distinction must U* 
made in much the same sense in which we dwtm K uish between 
physical phenomena and our consciousness of them; that, 
other words, the old doctrine of an inner sense with the it* 
voiced idea of a distinction between the reality of eonseio«s»*^ 
and objectivity must now have its opportune renewal m the 
domain of psychology this U the prineipal result that I wm»14 

draw from my experiments - • p, *m, - 

Ifnirv J. Watt, a Trutm^r Kmjw. imbiiim* *l 

in lim.'/his ingenious attempt to aj.pmneh the experimental 
treatment of the supra sensuous m-nta! processes by a study 
of association, As w wdl hm-wu. the reactmn-4 
of association was ominwtiy measured by experiments m whmh 
the suhieet was instructed to respond »•' *» given word with 

„f ,.l»r„ l,y Umiliw H<" „( lh" "-''■I'"' 1 ' 

•“S^»«WV ... ~ . ... .." •“ 
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before bim a more definite “task.” He was to respond, not 
with any word at all, but with, a word that bore a certain kind 
of relation to the word given as a stimulus. The subject had 
six of these tasks, constituting six separate sets of experiments. 
They were: 

1. Seek a word under whose meaning the given word is 
included. 

2. Seek one which is included under the meaning of the 
given word. 

3. Seek the corresponding whole. 

4. Seek a part. 

5. Seek a coordinate idea. 

6. Seek another part of the common whole. 

All the words given were familiar nouns, nearly always 
consisting of only two syllables, and never evidently compound 
words. Five hundred such words were found and printed for 
use in the various “tasks.” 

One of the principal objects of research in this study was 
the influence of the “task” on the whole course of events in 
a given experiment. In analyzing the results it appears that 
there are two general classes into which the experiments may 
be divided: (1) That in which the association is found by a 
simple and direct process which suffers no disturbance in its 
course. Verbal and visual images may be present but they help, 
or at least do not hinder, the finding of the required association. 
(2) The second class is that in which the development is com¬ 
plex. The subject tries two or more paths before he hits upon 
the one that gives the desired result. 

The first class of associations is subdivided according as 
(a) visual images give rise to the association, or ( b) a verbal 
image or a group of verbal images, or a condition of recollection, 
etc., or (c) no kind of imagery or media of association can be 
determined to show how the word spoken was found. 

In reproduction of complicated development one can point 
to two subclasses: (a) The subject sought for something else, 
or some other idea hung in his mind without his being able to 
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determine just what it was. (6) The subject sought after some 
more or less definitely determined idea, but could not find it; 
or he had something in mind, but for one reason or another 
rejected it. 

One way in which the influence of the task manifested itself 
was the mode in which it determined the means of the associ¬ 
ation. Task a (whole), 4 (part), and ti (part of the common 
whole) tend to increase the use of visual images. Task 2 
(species) tends to increase the use of verbal images, and Task f» 
(coordinate ideas! tends to do away with the use of both verbal 
and visual imagery. 

Under the head of visual images Watt brings forward some 
interesting facts that bear in the main upon two important 
problems. One is the problem with which Berkeley found ho 
much difficulty: Are all images definite anti concrete, or is 
there any such thing as a general image! The introspection 
of his subjects seems to point to the existence of what is at least 
a very indefinite image. We quote some examples that he 1*«« 
given as typical: “Hide: Image of an animal torso thickly 
covered with hair (very unclear). To what animal it beUmpred 
I do not know. Grain: Fleeting image of a rye or wheat field 
—the species was not clear. Mouth iMaul): Beast. Dark 
image of an utterly tmdefinable animat, It could have. been, 
an ox, or a horse, or a dog with stronger definition of the head 
ami mouth region.Watt calls attention to the fact that 
in this last case the image did function as if it were univermd. 
One can, he says, maintain that it was in reality concrete and 
definite, hut he can not prove his contention. Still, seareeiy 
any one would wish to make such a contention. Vague, India- 
tinet images are often like a child’s drawing they need inter¬ 
pretation. When we latiel them we know what they are, but 
to the uninstrueted observer they may stand for a manlier of 
things. After calling attention to the existenee of such 
oral” images, Watt then points out how illogical it would l*»* 


<>p. nt„ i*. m. 
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to infer from the existence of the general image the non-exist¬ 
ence of the universal idea. 

The second problem on which he touches under this heading 
is the position of the mental image in our mental mechanism. 
The mere mention of the theory of types suffices to remind us 
that some authors write as if certain people made use of visual 
images in their mental operations to the exclusion of all others 
because they belong to what is termed the visual type. Watt 
points out that the kind of image used depends upon the “task” 
which the subject performs. 24 By changing the task the subject 
passes from the visual to the verbal type. 

Another point that he makes is this: The mental image is 
not always a merely secondary phenomenon like the illustration 
in a novel. It may seem at times merely to accompany the 
word used as a stimulus. On other occasions it is clearly the 
starting point for the solution of the task. In all probability 
the mental image never comes into the field of consciousness 
without exerting some influence on the development of associ¬ 
ations. Whether by inhibition or furtherance or direct sug¬ 
gestion of new ideas, it has its influence on the way in which 
the task is performed. 

In conclusion Watt sketches the outline of his theory of 
thought. It is an attempt to account for the flow of conscious¬ 
ness. He first calls attention to the fact that consciousness is 
not discrete but continuous. He then asks what determines the 
entrance of an idea into consciousness? The chief factor is the 
“task” that the mind is attempting to accomplish. The ten¬ 
dency of one idea to reproduce another is determined in a 
merely mechanical way by the number of times that the two 
ideas were perceived together in the past. But the many possi¬ 
bilities, the many tendencies to reproduction, are limited by the 
“task.” 

In the much discussed problem of the relation between image, 
word, and concept, Watt admits the existence of all three and 


24 Op. cit., p. 367. 
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does not attempt to explain away the eoneept in terms of im¬ 
agery or words. From the statements of his subjects it was 
clear that there was a distinction between the word ami tin* 
understanding of the word. One could exist without, the other, 
therefore they must he distinct. Hut is the understanding ‘*F 
the word the crowding into consciousness of a number of dark 
associations? One hears nothing of such associations i u the* 
understanding of the word used as a stimulus; though in seeking 
for the word of response such associations do occur. The hurd**tt 
of evidence in his experiments rather favors the vienv that tho 
understanding of a word is something other than crowding in 
of obscure, associations. Hut for the* dual determination of this 
point he deems that Further expe*rime>nt is necessary. 

The following year August. Me«ser' jS published the* next study 
of the Wurzburg School. Dr. Watt was one* of his subjects. 

The general purpose* of the* study was expresses! by the* authur 
as an attempt, to inve*stigate the eonseitms proee*ase*H that are 
found in simple acts or thought.. The method of the experi¬ 
ment, was based on that of Watt's work, which has just, he-.-n 
mentioned. There were fourteen series of experiments, s<»m<* 
of which were; take*n from the* "tasks" inve-nted liy Watt. 

1. In ttie* first se*ries tin* Muhj**«*t was shown a word, anti Him 
task was to spe*nk out as eptickiy as possible the tirst word thut 
came to his miml. 

2. In the seeund series the task was metre* restricted; the* 
word of response had to be a word representing a enordumt** 
object— that is, one* Unit belonged to tin** whole* along with th»* 
object reprt*sentt*d by the giv**n wttrel. 

3. In the third, the subject was to mention a eobrd'mntt* 
concept- - that, is. one belonging to the same genus as the given 
word. 

4. The* response was to In* any aeijeetive, 

5. A characteristic of the* idea designated by the given wttrel 
—but not, its genus, 

" s " I*!x|Mtrimt*«ti*ll jeeych*4t*ae*‘’tt«* PtUerotrleuegeit utter ‘bet Heak«*n 
Arehw fur die rim. Pitt/timL, M, |(tot!, j<p, J C !l. 
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6. Remember an object belonging under the concept of the 
given word and make a statement concerning it. 

From the seventh to the eleventh experiment two words 
were shown one above the other. The upper was to be read first. 
The subject’s tasks were: 

7. Express the relation between the ideas designated by the 
given words. 

8. Express the relation between the objects designated by 
the given words. 

9. In the ninth series the two words were the names of 
celebrated men and the subject was to pass on their relative 
value, expressing a judgment which had real claim to objective 
validity. 

10. In the tenth series the persons, things, or conditions 
represented by the given words were to be compared and a 
judgment expressed; but the judgment was to be one of merely 
subjective value and express what would be the subject’s 
preference. 

11. In the eleventh, a noun and an adjective were shown to 
the subjects. He was instructed to regard the two words either 
as a question or an assertion, and where possible to pass a 
judgment about them. 

12. In this series the subject was shown sentences or groups 
of sentences and his task was to understand them and take up 
a position in regard to them. The groups of sentences repre¬ 
sented logical premises and conclusions formally correct. 

In the last two series of experiments the subject was shown 
real objects or pictures. 

13. He was to speak the first word that came into his mind. 

14. He was to make a statement about the object or picture. 

In the first series, though no special task was given, the 

subject made one for himself. He involuntarily sought a word 
that bore some relation to the given word. In other series also 
the tendency was noticed to specialize still further the task 
assigned. 

In the visual imagery of the subjects there is again found 
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the “general image” mentioned by Watt. This proves to be 
an image so imperfect that the subject can designate it only 
by some such word as an animal, a bird. etc. Such an image may 
be spoken of as general because it can stand in consciousness for 

an entire class. 

The author also gives wane account of tint motor imagery 
that his subjects experienced during the experiments. Then 
after a discussion of the process of association he passes on to 
a problem more closely allied to our own, the understanding 
of the word—the concept, as distinct from word and imagery. 

Generally the meaning seems to come with reading the word. 
But even in such cases the meaning is not. a constant factor. It 
may exist in all degrees of perfection. The word may be scarcely 
understood at all. It, may be perceived, but merely as a sound 
without meaning. Or the understanding may eome partially 
with reading and take some time to grow. This latter form 
leads up to the case in whirh there is an actual separation 
between the perception of the word and the apprehension of 
its meaning. The conditions for the separation of the wort! 
from the apprehension of its meaning are as follows: 

1. The strangeness of the word. 

2. Incorrect reading of the word. 

3. Equivocal character of the word. 

4. Imperfect knowledge of the language, 

5. Number and length of the words. 

(i. The occurrence of a purely automatic reaction on the basis 
of verbal association, c,g„ Lout Scholl, H oust or Maos. 

7. Fatigue. 

8. Excitement. 

The “meaning” of the word was often something that the 
subjects found it difficult to explain. It was frequently ex¬ 
pressed by such an expansion as “I knew what, was meant.” 
The subjects were sometimes enabled to analyze this alwtraet 
“meaning” a little further. “The understanding of the word 
existed in the eonseiousm'ss of that general sphere to which 
the word belonged” l p. 771. tine of the subjects expressed it 
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sis “tho consciousness that something appropriate could be asso¬ 
ciated.” Sometimes the ‘ ‘ sphere ’ ’-consciousness is identified 
with the generic idea to which the object belongs; again, with 
the entire domain in which an object belongs. For example, 
Subject 2 with the word of stimulus, “Hegel,” said: “It 
seemed to me at first as if the word were * Hagel. ’ As soon as 
the auditory image of V’ sprang into consciousness, there came 
a direction toward the History of Philosophy.” 20 

At times the “sphere” of consciousness was an emotional 
element or word, or something similar. Again in the process 
of understanding, there was a consciousness of synonymous 
words or related objects, or some prominent characteristic of 
the thing represented by the word of stimulus. Sometimes the 
word instead of being understood in a general sense was taken 
in a special one, as when* the word “garden” aroused the idea 
of a garden around a former home of the subject’s family 
(p. 82). From all this it seems to the author extremely prob¬ 
able that in the process of understanding a word we have to 
<lo with phenomena of association and reproduction. 

What, part, if any, has the subject’s imagery in his under¬ 
standing of a word! The more perfect the imagery the less 
does it seem to cover what is meant by the general significance 
of tin* word. But the more schematic and faded the imagery, 
tin* h*ss does it differ from the “meaning,” ar More important 
than the relation between the clarity of the image anti the 
meaning, is the question: To what extent is imagery necessary 
to the signification! And here he says there is not one single 
example from which it, is dearly evident that the understanding 
of the word was dependent on the awakening of a visual image. 
The most that can he said is that in a few solitary instances 
it was recorded that with the help of a visual image the meaning 
became clearer or more precise. But in the further progress 

Page 70. 

a* From what follow# it i« evident that tho author doe# not moan to 
miggewt that tho moaning in nothing but fadod imagery. Tho imagery fade# 
into nothing, long before it got# anywhere near tho * * mtmning , 1 f which may 
at time# be elear without Imagery. 
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of the experiment the subject’s imagery plays an. important 
part in the solution of the task. As to the understanding of 
the word of response, it often takes place before the subject 
can express his meaning, and when the word is found it does 
not always express fully the subject’s mind. Sometimes too, 
the word of response is uttered before its meaning is understood. 

The further sections of this work on the psychology of 
judgment, etc., are more remotely connected with our problem. 
The more kindred section on “Begriffliehen und gegenstand- 
liehen Denken” confirms still further the distinctions between 
word, image and concept. 28 

In immediate connection with the work of Watt and Messer 
is that of Dr. Schultze. 29 The foundation for his analysis is 
daily observation confirmed by his own experiments and those 
of others. His own experiments at the time of this article were 
to appear shortly under the title of “Beitrag zur Psychologic 
des Zeitbewusstseins.” 80 He was subject in Messer’s experi¬ 
ments and among his own subjects he numbered Kiilpe, Watt, 
and Messer. 

His own work claims to be in the domain of descriptive 
psychology. His first problem, and the one with which we are 
concerned, is this: In the classification of mental processes is 
it justifiable to make a distinction between the sensible appear¬ 
ances of things and thoughts ( Erscheinungen und Gedanken ) ? 
Originally he answered this question in the negative, but he 
was forced to give up this position on approaching the problem 
from the experimental point of view. The relinquishment of 
the old position seems to have required some effort, for he 


28 For a criticism of the technique in Messer’s experiments, ct-Meu- 

mann, “TTeber Associationsexperimente nut Messer re- 

tionszeit 19 Archiv fur d%e ges . Psychol., 9, 1907, pp. 117-150. Messer re 

plied in his article, “ Bemerkungen zu meinen Expenmentell-psyehologischen 

TTntersuchungen fiber das Denken.” Archiv fur die ges. Psychol., 10, 1907, 
pp. 409-428. 

29 F. E. O. Schultze, “Einige Hauptgesichtspunkte der Besehreibung in 
der Elementar-psychologie. I. Erscheinungen und Gedanken. Archiv fur 
die ges. Psychol., 8, 1906, pp. 241-338. 

30 Cf. Archiv fur die ges. Psychol., 13, 1908, pp. 275-351. See especially 
See. 11, pp. 329-333. 
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writes: “It cost me a great resolution to say, that on the basis 
of immediate experiment, appearances and sensible apprehen¬ 
sions ( Erscheinungen und Anschaulichkeiten ) are not the only 
things that can be experienced. But finally I had to resign 
myself to my fate” (p. 277). 

His reason for doing so was that the data of appearances 
did not exhaust the content of experience. There are marked 
diff erences between appearances and thoughts. Appearances 
are apprehensible by the senses ( anschaulich ) but not so 
thoughts. Appearances are more or less localized. “When there 
comes a pause in any series of appearances, during that pause 
we are conscious indeed of various sensations from the organs 
of the body—but is the consciousness of the pause the perception 
of such sensations ? When there comes a blank over the mind, 
what is it that is lacking—sensation or thought? Thought. 
Thoughts are as much a matter of immediate experience as our 
sensations. Thoughts are not to be explained in terms of 
imagery. Thought can be perfectly clear and certain but the 
accompanying imagery is of various degrees of clarity or is 
altogether lacking. Thoughts are not feelings. (1) Because 
we can pass judgment'upon matters of feeling without actually 
experiencing the slightest tremor of an emotional state. (2) 
We can experience feelings without any intellectual state con¬ 
nected with them, as for example, in certain unwarranted and 
inexplicable emotional states. (3) There is the same independ¬ 
ence between the clearness and importance of thought and feeling 
in our mental states as there is between thoughts and images. 

What then is our act of thought? Not the sensations that 
were active in the process of its acquisition. For we make 
frequent use of abstract concepts but seldom in connection 
with these concepts do we use the definitions and sensations 
necessary to their original formation. No sensation can con¬ 
ceivably exhaust all the characteristics of the concept. Con¬ 
cepts then are not sensations, not mental images, not feelings. 
They stand apart by themselves as special factors of our 
mental life. 



102 University of California Publications in Psychology. IT 01 - 1 

The work of Watt, Messer, and Sehultze was continued by- 
Karl Biihler. 81 He thought it advisable to study the process 
of thought with materials which offered far more difficulty than 
the comparatively simple tasks of Watt and Messer. Accord¬ 
ingly such questions as the following were proposed to his 
subjects: 

“When Eueken speaks of a world-historical apperception 
do you know what he meant thereby?” The subject had to 
answer with a simple yes or no, and then give an account of all 
the mental processes he experienced in arriving at his answer. 

In a section on the Elements of our Mental Life of Thought 
he propounded the question—what are these elements, and which 
among them is the real bearer of the process of thinking ? From 
the protocol of his subjects there is one group of mental pro¬ 
cesses that may be easily characterized—the sense imagery, 
whether visual, or auditory, or sensomotor. To this may be 
added the consciousness of space. There are also feelings and 
such states as doubt, astonishment, etc. But this is not all. 
The most important phenomena do not fall in any of the above 
categories. There is something else that possesses neither the 
qualitative nor quantitative characteristics of the senses. These 
elements of our mental life are what the subject characterized 
as “the consciousness that,” etc., or more properly and fre¬ 
quently as his ‘concepts’ ( Gedanken ). 

Do we think by means of imagery or by concepts? 

The answer, based upon the subjective analyses given by his 
subjects, is that “what enters into consciousness so fragmen- 
tarily, so sporadically, so very accidentally as our mental im¬ 
ages can not be looked upon as the well-knitted, continuous 
content of our thinking” (p. 317). Concepts then, not images, 
are the essential elements of our thinking. 

What then is the concept? Not an image nor a series of 
images, nor the relation to a series of images. The concept is 
a unit, a mental element, the ultimate result of the analysis 

si “Tatsachen und Probleme zu einer Psychologie der Deukvorgange. ’ ’ 
Axchiv fiir die gee. Psychol.. 9, 1907, pp. 297-365; 12, 1908, pp. 1-92; 
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of thought As seeing is related to a sensation of sight as 
“sensing” to onr sensations, so is knowing related to our 
thoughts. “Knowing” is distinct from “sensing.” It may be 
accompanied by sensations but cannot be supplanted by them. 
Word imagery does not give us the signification of words. “A 
meaning can never be imaged but only known (Eine Bedeutung 
kann man iiberhaupt nicht vorstellen, sondern nur wissen).” 

The solution of the task is not accomplished by a single 
series of concepts. Between concepts there goes on a great deal 
of thinking—the consciousness of the task to be performed—the 
relation of the given concepts to others and to the task. The 
general consciousness of the task and the consciousness of mani¬ 
fold relationships constitute a kind of setting or background in 
which special concepts appear. 

The understanding of words and sentences “is nothing less 
than a conscious logical relation, which brings into consciousness 
the connection between the thought to be understood and one 
already known” (12, p. 13). In many cases understanding 
took place by the entrance into consciousness of a more general 
concept, and thereupon the subject knew how and why the idea 
before him belonged under that concept. The mere entrance 
into consciousness of the more general concept does not seem 
to suffice, but it must be perceived as bearing a relationship to 
the problem before the subject. Sometimes the thought that 
the given idea suggests is not a more general one, but one which 
the subject perceives to be identical with the given thought. 
Sometimes the given sentence is understood by its suggesting a 
thought that would prove it. 

The analogy, between the process of understanding a sentence 
and the process of perceiving a geometrical figure, will be seen 
at once by comparing the above analysis of Biihler’s work with 
our own section on the process of perception. 32 

The division of Biihler’s work entitled “Ueber Gedankener- 
rinerungen” is of great interest and value in the study of 
memory, but bears less directly on the general problem before 


32 Below, pp. 127-139. 
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us It tends to establish more anti more conclusively the ex¬ 
istence of an inuiReless process of thought not, of course, 
directly and ex profesm; hut still, as Bidder's study unfolds, 
the possibility of accounting for thought by imagery deer.‘uses. 

Shortly after the first section «f Bidder's “Tntsaehen uiul 
Probleme” had appeared, Wundt published 1 - 1 a eritieism of the 
methods of the Wttrasburg School. 11 * He summed up fp. ;lf»8) 
the chief points of his eritieism as follows: 

(1) “The ‘question experiments’ are not experiments but 
self-observations under diaad vantages. Not one of the requisite 
conditions for psychological experiments is found iu them • hut 
they rather exemplify the very opposite of these eundithms. 

(2) “Among the old forms of self-observation they represent 
the most imperfeet; they oeeupy tin- attention of the observer 
with an unexpeeted, more or less diftleult intellectual prol.lem 
and demand of him that over and above this lie should oiwerve 
the behavior of his own consciousness. 

(2) “In both forms of its use tin- method of questioning is 
objectionable: As n question before the experiment it places 
self-observation under the very unfavorable eoudition of the 
pressure of examination; ns a question utter the experiment it 
opens door and gate to the disturbing iutlueiiee of suggestion. 
In both forms it is most seriously prejudicial to self observation 
by the verv fact that the subject who must observe his own self 
is himself the object of inspection. 

(4) “The representatives of the ‘method of questioning’ 
place themselves above the time honored rule that in order to 
solve complex problems one must next be Iamiliar with the simple 
ones that the former suppose, As a consequence they confound 
attention with consciousness and fall into the popular error oi 
believing that everything which transpires in eonseiousuess can 
be followed out without more mb* in self observation. The latter 

33 ‘ < Ueticr A«sfrniti*'xtn I'iiit. ot'’ tu >4 u!«-r *‘t«- M «'*.!,•>»!.!* /ur Psychologic 
<lc» IhmkelW.’* /'sjfe/m/w/uWw ,s‘f.{.(!*■:*, A, pjt, 

MfrV.r Hauleranswer ot* -to te, j'<*»• tiw nn. r-<*KW. IT- 

Wuiwtt rejiHiot to hiihk r in Ue-> moux -to-jor, 11, «j.p, -HI 
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ground alone would sufficiently explain the bootlessness of the 
question experiments. ’ J 

If then the question experiments have not proved that 
thoughts are not images, but have proved nothing, how then 
are we to go on about the study of our processes of thought? 
Wundt outlines the method as follows: 

(1) Self-observation under favorable conditions of solitude 
will teach: 

(а) That thought precedes the language by which it is ex¬ 
pressed. 

(б) That this thought is made up of (a) feelings that are 
adequate to the character of the thought and also (/?) single 
fragments of images and words which suddenly come into con¬ 
sciousness and as suddenly disappear. These images seem to 
have been inhibited by the unfavorable conditions of the question 
experiments. 

(2) The confirmation of the results of self-observation is 
to be sought in the experiments on association which show the 
tremendous importance which feelings have in such processes. 
Wundt refers to the discussion of “idea feelings’ 5 in his Physio - 
logische Psychologies in which it is maintained, and perhaps 
proved, that in the development of a complex idea feeling often 
precedes imagery. From such experiments one may conclude 
that very faint ideas can betray their presence by very clear 
feelings; and it would be far better to speak of an unconscious 
substrate of ideas or even refer the total idea to this sphere of 
the unconscious than to talk of “thoughts” and the revised 
Aristotelian concept of imageless ideas. But the experiments 
on the compass of consciousness point to a gradation from the 
clearly conscious to the dimly conscious, and finally to a distinct 
break between the conscious and the unconscious. Consequently 
the partial elements of an idea are not to be referred to the 
unconscious but to the subconscious. They are elements in one 
complex process which is bound together in a single conscious 
whole. 

A “thought” therefore in the Wundtian sense is a complex 
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of images and the “adequate” feelings which are involved in 
their conscious unity. These feelings are combinations of his six 
fundamental feelings which come together to form ever higher 
and higher complexes. In each complex there is a total feeling 
peculiarly characteristic of the complex and qualitatively dif¬ 
ferent from the elements that constitute it. The total feeling 
of the idea is ultimately analyzable into the six fundamental 
elements of feeling—and the final product of their combination 
is adequate to the character of the thought. 35 

Somewhat later E. von Aster, of Munich, 36 undertook a 
criticism of the line of study which culminated in the work of 
Biihler. The chief point of his criticism is that Buhler’s sub¬ 
jects, in giving an account of their so-called concepts, were not 
describing actually present mental states, as a man who de¬ 
scribes a visual scene, but they were making mere declarations 
concerning something which they had indeed experienced, but 
whose real nature remained to be explained. He himself leaves 
the problem of the nature of our “thoughts” to future research. 
His own opinion seems to be that our thoughts are in some 
manner composed of sensations and mental images and are not 
mental processes different from the currently recognized 
elements of our mental life. 

A little later there appeared a criticism by E. Durr, 37 one 
of Buhler’s own subjects. He finally came to an opinion which 
takes on very closely the form of von Aster’s objection. 38 

The designation of a mental process as a thought is by no 
means a description of the character of the thought. The main 
issue between Durr and Biihler is in the analysis of the 

35 This analysis is based not merely on the article in the Psychologische 
Studien , bnt also on various portions of Wundt 's Grundzuge der physiol- 
ogischen Psychologie. For a criticism of Wundt's opinion see the last 
chapter of the present monograph, pp. 184-187. 

3 «“ Die psychologische Beobachtung und experimentelle Untersuehung 
von Denkvorgangen.' ' Zeitschrift fur Psychologie , 49, 1908, pp. 56-107. 

37“XJeber die experimentelle Untersuehung der Denkvorgange. ' ' Zeit¬ 
schrift fur Psychologie , 49, 1908, pp. 313-340. 

38Biihler in his answer denied that Durr's objection was the same as 
von Aster's. Biihler, “Zur Kritik der Denkexperimente.'' Zeitschrift 
fur Psychologie , 51, 1909, p. 118, note 1. 
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“thoughts” to which Biihler’s experiments had given so much 
prominence. Durr would be far from agreeing with von Aster 
that our thoughts are ultimately reducible to sensation and 
mental imagery. Durr’s point of view can best be expressed 
in his own words: 

“Btihler expressly stated that thoughts are not mental images 
(Vorstellungen ) and that they have nothing in common with 
sensations. Now, the next question that arises is this: In our 
representative mental processes is there not something besides 
sensation; and if so, what is the relation of our thoughts to 
this plus?” 39 

Durr thinks that along with our sensations there is our 
consciousness of time and space, of identity and similarity, etc. 
These things are not sensations or reducible to sensations. They 
might all be classed under the expression “consciousness of 
relationship,” and this it is that will prove to be the ultimate 
analysis of thought. 

In February, 1907, there appeared in the Psychologischen 
Sttidien a long article, “Ueber abstrahierende Apperzeption, ” by 
Kuno Mittenzwei. ” 40 It was an attempt of the Leipzig School 
to enter the field in which the ground had already been broken 
by the men of Wurzburg. Mittenzwei preludes his experimental 
work with an historical account of the problem of abstraction 
from the days of Socrates to modern times. Between this his¬ 
torical account and his own experimental work there is no very 
close connection. 

There are two distinct parts of the experimental work. In 
the first set of experiments the subject was required to direct 
his attention to a single circular disk (in reality the opening 
in an iris diaphragm). The disk was exposed twice in each 
experiment and the subject was required to tell what difference 

39 Page 326. I have taken some liberty in translating this last sentence. 
But the terminology I have chosen will, I think, give a true representation 
of the author's mind to English readers. The original is as follows: 
“Nun liegt doeh die Erage nahe: Gibt es im Vorstellungsleben nicht noch 
etwas ausser den Empfindungen und wenn ja, wie verhalten sich die Ge- 
danken zu diesen plus . 9 9 

*0 PsycJiologische Studien, 2, 1906-7, pp. 358-492. 
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there might he in the size, position, or brightness of the disk 
in the two exposures. 

In the second set of experiments the subject was called upon 
to observe a group of six disks, any one of which might undergo 
the above mentioned changes. 

One is struck with the glaring difference between the task 
of the subject in these experiments and that of one who in real 
life forms what is termed an abstract idea of a group of objects. 
Mittenzwei’s subjects had to look for a difference and neglect 
identity, whereas in abstraction one usually neglects all differ¬ 
ences and finds identity. Hence, after reading the long disser¬ 
tation on abstract ideas and having the appetite whetted for an 
experimental treatment of an old metaphysical problem, one is 
sadly disappointed to find that the author seems to have missed 
his problem. Instead of the question of abstraction he is really 
dealing with the perception of differences. But in spite of this 
serious defect Mittenzwei’s experiments are not without value. 
One interested in the theory of spatial perception would find 
a very suggestive line of experiment. The problem of apper¬ 
ception is also helped along, even though the apperception is not 
—strictly speaking—that of abstraction in the logical sense of 
the word. 

In the first series of experiments Mittenzwei measured the 
threshold for the perception of change,—A. Of size: Enlarge¬ 
ment, reduction. B. Of position: Right and left, up and down. 
C. Of brightness: Increase, decrease. 

For each of these changes he obtained two values: (a) one 
in which the subject was forewarned what change would take 
place, and (b) one in which the subject was not warned what 
Vinrl of change to expect. In all changes except that of enlarge¬ 
ment the threshold obtained when the subject was forewarned 
was small pt than when he was not warned. In the “enlarge¬ 
ment” series it made no difference in the threshold whether the 
subject was or was not forewarned. 

In the second series of experiments any one of six disks 
might be changed in size, position, or brightness. 
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It is here that the author stumbles upon some stages of 
development in the perception of difference. He does not name 
these stages, but, as the body of this work will show, 41 some of 
the points to which he calls attention as general phenomena are 
the same as certain stages that our own experiments revealed 
in the process of perceiving identity. 

Under the name of “der verdnderte Gesamteindruck” i2 Mit- 
temzwei speaks of a perception of change without any knowledge 
of just what particular in the object was varied. The best 
description of this phenomenon is given in the subject’s remark, 
“Das Objekt ist verandert, aber ich kann nicht angeben wie.” 

The author asks himself the question, how can such an inde¬ 
terminate judgment be caused by such a particular and deter¬ 
minate change? This he explains by pointing out that: 

(a) The second impression is involuntarily assimilated to 
the first, and 

(b) The actual concrete change is often forgotten. Good 
observers have remarked, “Ich habe die Veranderung eben 
gehabt, aber ich habe sie schon wieder vergessen. ’ 9 

Under the heading of u Partiell bestimmte Verschieden- 
heitsurteile” the author describes what are really stages in the 
perception of difference that are a little more developed than 
the general impressions of change. The subject was required 
to give information on two points: (a) What was the nature 
of the change? (6) WTiere was it located? The determination 
of the location of the change comes first in the order of per¬ 
ception. The evidence for this lies in the fact that the erroneous 
or indeterminate judgments about the place of change are rare, 
while they are much more frequent in regard to the kind of 
change. 

It is interesting to note how psychologically similar are the 
processes of perceiving identity and diversity. This will be 
apparent at once by the comparison of Mittenzwei’s results with 
those reported below. 

4 1 Of. below, Section III, 2, pp. 127-139, more especially p. 129 ff. 

42 Page 459. 
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The opposite of Mittenzwei’s problem was taken up by A.^ A. 
Griinbaum under the title: “Ueber die Abstraktion der Gleieh- 
heit.” 43 Historically it is connected with the Wurzburg mono¬ 
graphs and also with the first experiments of our own work. 
Griinbaum became acquainted with the method of research 
adopted in the present piece of research during the winter 
semester of 1904-5, when he was one of my subjects at the 
University of Leipzig. . He has modified and developed the 
method, and for some purposes improved it. Instead of a series 
of exposures, each lasting but a fraction of a second, he exposed 
simultaneously two groups of figures for a period of three 
seconds. The subject was instructed to look for identical 
figures in two groups, thrown by a stereopticon upon a screen 
4.25 m. from the subject. He was not required to fixate any 
point, but to distribute his attention equally over the entire 
field ' After finding the identical figures, the subject was then 
to take notice of the others. After the time of exposition (3 s.) 
was over the subject was called upon to draw all the figures 
remembered, but especially the identical figures common to the 
two groups. After drawing what could be remembered, the 
subject was again shown the groups just exposed and was called 
upon to indicate the figures he actually recognized. The seeking 
and reproduction of the identical figures was termed the primary 
task, the noting and recognition of the remaining figures, the 
secondary task. 

In reporting Ms results tlie author starts with the preparation 
of the subject for the task set before him and follows on down 
to the final determination of equality. The preparation of the 
subject for his task consisted in the picturing of a kind of frame 
in which there often flitted in and out vague figures. Two 
• of the five subjects paid attention to some kind of sensory aid 
4 in their preparation. Three looked rather to the end before 
them and thus performed their task better than those looking 

to the means. 

43 Archiv fur die ges. Psychol., 12, 1908, pp. 340-478. 
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The process by which the task was performed manifested 
eight more or less distinct forms. 

1. The method of exclusion. 

The subject looks at one figure and then seeks one like it in 
the other group—not finding it, he takes another figure, and 
so on till he discovers the figure that is in both groups. 

2. Successive comparison without accentuation. 

The subject looks first at one group and then at the other 
until he recognizes one figure as having been seen before. Be¬ 
fore recognition the common figure does not require any special 
prominence over the other figures. 

3. Successive comparison with simple accentuation. 

This method is the same as that of number two, only that 
before the determination of identity one figure suddenly becomes 
prominent—is accentuated in a characteristic way which can 
only be fully understood by one who has taken actual part in 
the experiments. 

4. Successive comparison with accentuation and a realization 
of the task of the experiment. 

In the former method the prominence of one figure seemed 
altogether independent of any idea of its being the one common 
to each group. In this method there is indeed no conjecture 
that the prominent figure might be the common one, but the 
subject is spurred on by something which one cannot express, 
except by some such words as the iC point of view of the task 
before him.” 

5. Successive comparison with accentuation and the conjec¬ 
ture of identity. 

This form of procedure is but a step removed from the last. 
With the perception of the prominent figure is united the con¬ 
jecture that this may be the common one. 

6. Rapid succession with accentuation of both identical 
figures. 

In this form one figure is noticed and suddenly the other 
springs into prominence, sometimes so suddenly that the subject 
can not say but that the two figures were noticed simultaneously. 
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7. Simultaneous perception of the two figures. 

In this form both identical figures are noticed simultaneously, 
and as a rule, none other. 

8. Intuitive perception. 

In this form the subject perceives one figure and knows at 
once that it is one of the identical figures without having seen 
the others. 

Some of these divisions represent different methods of pro¬ 
cedure, others are probably stages in one and the same method. 
The author, however, does not bring out this distinction. The 
intuitive method would have appeared less mysterious had Dr. 
Griinbaum pushed the inquiry a little further and taken into 
consideration our subconscious or unanalyzed mental content. 

The primary task of the subject is the perception of a figure 
common to the two groups. In the fulfillment of the primary 
task it is interesting to notice the way in which the subject falls 
short of perfection in his reproduction of the common figure. 

1. Instead of the perfect and complete form he will often 
give one that is schematically correct. 

2. The subject will often draw a part of the figure and will 
know that something is lacking, but will be unable to supply it. 

3. The correct form will be changed, but still remain recog¬ 
nizable. The most interesting case of this kind is what Griin¬ 
baum has called “mirror-drawing.” The figure is drawn as 
if from its reflection in a mirror. 

The success with which the primary task is accomplished 
decreases with the increasing number of figures in the groups. 
But the rate of decrease is not constant. It reaches a maximum 
in going from four to five figures in a group, and then rapidly 
declines. 

The secondary task consisted in the reproduction of all the 
figures that could be remembered after drawing the common 
figure. The greater the number of figures in each group, the 
greater the number recalled. The ratio of figures remembered 
to those exposed decreases as the number of figures exposed 
increases. The author compared the fulfillment of the secondary 




1910 ] 


Moore: The Process of Abstraction . 


113 


task in recognition by the method of successive perception, with 
and without accentuation of the figures. It appears that the 
accentuation of one figure during the process of perceiving 
identity lessens the number of figures that are remembered over 
and above the common element. From this it would seem that 
with the accentuation of one figure the negative process of 
abstraction from the surrounding figures is already begun. 

In connection with this conclusion is the evidence that the 
secondary task is fulfilled better when the primary task is not 
accomplished—or, in other words, the perception of the common 
element tends to obliterate the surrounding figures. 

From the experiments of Griinbaum it would seem that the 
process of abstraction is brought about by an apperceptive ac¬ 
centuation and separation of the com m on element. On the 
other hand, the surrounding figures are forced into the back¬ 
ground and lose something of their conscious value. 

Here it may be well to append the abstract of the early 
experiments of this study which appeared in the report of the 
Fifth International Congress of Psychology, held at Rome in 
1905. 

THE PROCESS OP RECOGNITION*. 

“The problem of research undertaken in this set of experi¬ 
ments may be briefly stated as follows: 

When a series of groups of figures ( e.g ., a square, triangle, 
etc.) is represented to a subject and in each group one figure 
is always repeated, what mental process will be involved in 
recognizing that a figure has recurred in the series? It was 
not required of a subject that he should be certain that a figure 
recurred in each group, but only that he could say with certainty 
that some figure had been repeated. 

Hitherto the problem of recognition has been mainly con¬ 
fined to the comparison of the sensations or perceptions of dis¬ 
tance, etc., which the subject was to judge of as the same or 
different. But to surround the elements to be recognized with 
varying sensations brings the problem of recognition nearer to 
the conditions of real life and also enables us to approach by 
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experimental methods somewhat closer to philosophical problems 
with which metaphysics has long been engaged. 

In order to simplify the mental processes involved as much 
as possible the time of exposing a group of figures and the 
interval between exposures were both limited to a fourth of a 
second. A longer interval in either case would have given time 
for reflection, comparison, acts of the will to remember certain 
figures, and other rather complicated mental processes. The 
shorter interval eliminated in great measure these processes, for 
before there was time for reflection or comparison a new group 
of figures was represented. 

The mechanism by which the expositions were given con¬ 
sisted of a metronome and Dr. Wirth’s memory apparatus. 

When a subject had perceived that a figure had been 
repeated, he was asked to give an account of the development 
of this process of recognition which he had just experienced. 
The subjective analysis thus obtained was in later experiments 
tested by limiting the number of expositions, so that the series 
of exposures ended before the observer had arrived at complete 
certainty. He was then asked to give an opinion and describe 
his state of mind. A control over the experiments was always 
kept by introducing from time to time a series of exposures in 
which no figure was repeated. 

The following steps (naturally with various graduations) in 
the process of recognition were noted by means of this method: 

1. An intimation of some kind of a figure being repeated 
without any knowledge of its form. 

2. An intimation of some kind of a figure being repeated 
and a very imperfect idea of its form (e.g., a dark spot, a cloudy 
spot which afterwards cleared up, an unsymmetrical figure, etc.). 

3. Certainty that a figure is repeated but a clear image of 
only a part of the figure. 

4. Certainty that a figure is repeated and a clear image of 
the form. 

These steps seem to be but points in the more common and 
fuller order of development. 
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The subjects often remarked, when they first saw the common 
figure, it had already a tone of familiarity. 

It sometimes happens that the blind intimation of a figure 
being repeated increases to certainty without any image of the 
figure being formed. This was especially the case when two 
figures were alternately repeated in a series of exposures. 

The perception of the figure repeated has a tendency to 
force the other figures out of consciousness. E.g Subject K, 
in experiments where no figure was recognized as repeated, could 
afterwards draw the following numbers of figures as remem¬ 
bered: 3, 2, 2, 4, 4, 2, 1, 3. When, however, he had perceived 
a common figure he could draw as remembered only 0, 0, 0, 1, 0, 
0 , 0 , 1 . 

It would thus seem that under the simple conditions of the 
experiments the progress of recognition is by no means a simple 
act, and that the formation of a mental picture is not the only 
or the most important factor. ’ 744 


44 Atti del V. Congresso inter nazionale di Psicologia tenuto in Roma, 
dal 86 al 30 Aprile, 1905, pp. 286-287. 
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II. 

THE METHOD OF RESEARCH. 

1. The Problem and the Experiments. 

It is very seldom, if at all, possible to reproduce in the 
laboratory the exact conditions of real life. Most of our ex¬ 
periments can only approximate more or less closely the actual 
occurrences in the external world. This is not, however, an 
insurmountable difficulty for experimental psychology. We 
have not one mind for the laboratory and another for the world. 
The same mental processes that take place in the world are 
observed in the laboratory, but under different conditions. The 
change in conditions is in the direction of greater simplification. 
The mental process of the laboratory is, as it were, a purified 
product and its true properties can therefore be more easily 
determined. The process of abstraction as studied in our ex¬ 
periments is certainly not the same as that of ordinary life. 
But it involves those very elements which are essential to the 
extra-laboratory mental operation. For this reason the present 
work is truly a study of abstraction. 

The first method of experiment that I conceived of would 
have reproduced in the laboratory, almost exactly, the process 
of abstraction as it often occurs in actual life. It would have 
consisted in presenting to the subject a series of sentences, each 
containing a co mm on idea. The subject’s task would be to find 
the common idea, and report the mental processes he experienced 
in doing so. This method, however, is hard to bring under 
experimental conditions. I then thought of exposing to a sub¬ 
ject a series of drawings. Each drawing would represent a 
single object, e.g ., a series of net-veined or parallel-veined leaves. 
The subject’s task would be to pick out the common charac¬ 
teristic. Dr. Thorndike, of Columbia University, recently told 
me that he had thought of the same experiment, and suggested 
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exposing a series of bilaterally symmetrical figures. By a little 
ingenuity a sufficiently complete material could be worked up, 
and this method of experiment; would afford the opportunity for 
a valuable piece of research. 1 

But mother of these methods of experiments is as simple 
as the one finally adopted, which, though farther away from 
the actual conditions of outside life, still involves the essential 
factors of the process of abstraction. It may be well to note 
here that, when in the future 1 speak of “the process of ab¬ 
straction/’ I mean, of course, the proeess as it existed under 
the conditions of these experiments. The analysis which results 
from our experiments is applicable to the real process of actual 
life only in so far as it appears that factors are analyzed in the 
laboratory which do occur in the more complete processes outside 
the laboratory. 

The method 1 finally decided upon may be described as 
follows: 

Lot a group of geometrical figures stand for a group of 
qualities. Such a group has not indeed the unity that we see 
in the qualities of any object. However, when one is allowed 
hut a single glams* for one-fourth of a second at such a group, 
it really approximates the desired unity much more closely than 
would be expected. Let us expose in succession to a subject 
a scries of groups of figures. In each group let there he one 
eommou element that eonstantly reeurs. Of all the other ele¬ 
ments that go to make up the groups of the series, let no two 
lie tin* same. Representing our geometrical figures by letters, 
the following will give some idea of what is meant Let us 
for example take a series of five groups with three figures in 
each group. This would he represented by: 

1. A H <!. 2. 0 A P. Ib (l II A. 4. A I J. 5. K A b. 
There is one element common to each group, ami this one 
element is the common quality that is to be abstracted. The 

i i wish to expresa hero my indebtedness to Ur. Thorndike. It mm his 
dineuiiiloii of a paper I rend in Ids class of Educational Psychology at 
Columbia University which was, although only indirectly, the first stimulus 
to the present work. 
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letters of the alphabet might nerve for such an experiment, were 
it not that; their number in altogether too small, Instead of 
letters I used a specially designed set of figures. 

i«0ADoIDCAa/Zl0X80&® 
u o ©ea^O'S'ooniiri® a 
i» 0 «>*X®lsl3i:w-<>- 9 

arabiaxx^n 

12 ®C0G M0>«»T«=> , B , 'B r ‘P®¥QS5Q 
n (AiowAa »®«6Aws®ioea 
10 1 ? A § & P&£L <±> tr o © a w-a p 

watt 

s ✓ m xa-t-a o nn # eaiec 

»@BBK , W!>QE2A50tjaXV3«8E<ViS 

• OWfiAA^EIXtflf+^WMaSSEB 

o 9?N 0 * 6 f ft WISER 

4 QVDtSC^ItW** Sftff&A a> * 

3 jzf« KX*dS*Q<ri°] 5 wll«i»© 

* 9 * fi3<^ S< X W tr 091& ¥ 4-4- Sf \» * <3) 

i si** a*© sgo a m<s># &© «s t? & 

I a 8 4 a « ? K 9 10 U 13 13 14 18 16 17 

Pig. I,— The originals used wore each iitmut l>n time* as largo as in t his 
reproduction (we Pig. 2, |». 122 far actual ai**). The numentla at the side 
aid tiottom are merely for oomenieneo of reference in the text, 1st these 
reference)!, the first numeral tin lighter facet indioate* position along the 
axis of abscissa*; the second numeral (in heavier face) indicates )>..«. tom 
along the axis of ordinates. Not all «f the figure* were actually u«#d. 
On account of their very evident nasortattons the following were ex 
eluded: (t,2H2, 3) (’>, 3) l«, 2| til, *JH II, ft). 


The figures pmsim one grout advantage, On aecotint of their 
strangeness, the jinumss of pereeiving them goes through a luu«er 
course of development and thereby on*' is enabled to th»t,**et 
points which it would otherwise he impossible to notice, t*r at 
least could Is* obtained with difficulty and uueertninty. 
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The groups ot figures in the actual experiments (see cuts on 
page*s 122 and 122) <*<mtaine‘d live figures instead of three. This 
drew out to some length the process of isolating and perceiving 
the common elements, thereby allowing a better opportunity to 
observe the development of the mental processes involved. 


2, Thk Aiuvuutus. 

For the experiments in Leipzig, Wirth’s memory apparatus 
with rotating disk was used. At; the University of California 
1 used Ransehhurg's memory apparatus, Fneh performs the 
same function and the same disks may he used In either ap¬ 
paratus, Each rotates a disk and exposes suddenly a small 
surface and as suddenly removes it from view. In this ex¬ 
periment a group of live figures was exposes! for a quarter of 
a second and then a blank space* for a quarter of a seemnel and 
so on till the* series of twentydive exposures came* to an eu<i 
or as much of the series was used as necessary for the experi¬ 
ment, It was at Professor Wundt's suggestion that I uses! this 
short time* of exposure* and interval between exposures. It temds 
to reeluee* tin* experiment to simpler and therefore more* e*onstant 
conditions by emttiug out to a large* <*xtent such variable* factors 
as reflection on what was seen, comparison, and voluntary 
association. 

To beat time* I have* uses! both the* metronome ami the time 
sense apparatus, hut generally the* former, which is sufficiently 
accurate* for tin* purpose. < lure was taken to keep both the*se* 
pieces of apparatus emt of the* room in which the* observer was 
seated, 

;}. Inhtbuctionh to thk Hwwkot. 

Tin* subject was instructed to look for the* repetition of semie* 
figure and to turn a switch, which stopped tin* rotation of the* 
disk, hh warn, ns ho was certain that ho had seam some figure 
repeated. It was not required of him to see this figure* in each 
group as it pawned by, but merely to be* sure* that he* had seen 
some* figure* twice. lie was told not to wait until he knew all 
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about the figure but only to make mire that one ami the Rame 
figure had omirrod more than onee. He was reipiired at the 
end of the experiment, to describe hi* state of mind during the 
experiment, and especially to tell what it was that he first 
noticed. 

4. ('LASStFUUTION OF Till-. KXI'KtttMKN'TH. 

It soon became apparent that the method offered exceptional 
advantages for a genetic study of the process of abstraction. 
In handling the results and attempting to reduee them to some 
kind of order, the complex nature of abstraction became evident. 
And at the same time its analysis was greatly facilitated. Our 
five figures were found to eonstitute something of a unit whieh 
underwent a real process of breaking up, This was evideneed 
bv the fact that the elements of a group have a different mental 
value after the perception of a common element than before, a 
Before the common element, is noticed, the figures iff any group 
have a tendency to persevere in memory which varies with the 
locality of their perception* and with their ..wu inherent at¬ 
tractiveness. 4 After the eornmon element has been perceived 
the tendency of the other figures to persevere in memory is 
greatly reduced. The group is m> longer what it was before it 
was broken up. This breaking up of the group is one of the 
several processes which form the mental complex that we call 
abstraction. The breaking up of the group ss intimately hound 
up with the perception of the common element, Perception 
then is another factor in abstraction, I he figure perceived tst 
remendiered and reeoguwe.l again upon its recurrence, We 
K/finvo then four points in our preliminary aualy.n of abstraction: 
(1) The breaking up of the group; 't! The process of per¬ 
ception ; ills The proe< as of mentor;. , ■ I Tie- process of recog¬ 
nition, Kxch one of these has been made the object of experi¬ 
ment ami form the four main headings in our experimental data. 


*Hce huluw, p|». HM 
« Her below, t.Mi. 

* Hcc below, |*j*. t it it Utb 
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These experiments were commenced in Wundt’s laboratory 
at the University of Leipzig. They were afterwards continued 
at the University of California. My thanks are due Professor 
Wundt for his kindly and valuable suggestions as to the method 
of experiment and also to Dr. Felix Krueger for his constant 
interest and assistance while I was working at Leipzig. I wish 
also to express my indebtedness to Professor Stratton and Dr. 
Wrinch, with whose valuable cooperation the experiments were 
conducted at the University of California. 

The subjects who took part in the experiments were Miss 
Ball (B), Dr. Bessmer (Be), Dr. Brown (Br), Herr Blosfeldt 
(Bl), Miss Deamer (D), Herr Griinbaum (G), Dr. Krueger (K), 
Dr. Moore (Mo), Miss Mower (Mw), Miss Ross (R), Professor 
Stratton (S), Professor Bustachius von Ugarte (U), Mr. Wa- 
beke (W), Dr. Wrinch (Wr), and Herr Ziembinski (Z). 
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III. 

EXPERIMENTAL RESULTS. 

1 . The Analysis of the Groups. 

(a) Isolation of the Common Element. 

In abstraction some element or characteristic is always picked 
out from a group and is recognized as identical with that which 
was found in another group. In our experiments this element 
was the repeated figure. We may ask what is it in any element 
that accelerates the process of its isolation and perception? 
The answer as one might expect is—whatever attracts attention 
to the element. This may be the pure accident of its focal 


so 



Fig. 2.—Showing grouping of 1 elements 9 for actual display upon the 
disk, the common element following in the order 1, 3, 5, 3, 1, 3, 5. 
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perception. It may be tin* fad that it is rather larger than 
the other figures or blacker or more open. 

Small but symmetrical figures, ru/., 4, 12, and 5, 12, in Fig, 
1, seem to pass by easily without being noticed. Another 
drawback is apparently the complication of the figure. This, 
however, is probably only apparent. The subject involuntarily 
waits to be informed about the complicated figures. Compli¬ 
cation is, in itself, an advantage because it attracts attention. 
But the subject waits to know just what is repeated. In spite 
of instructions, he cannot stop the apparatus as soon as he is 
sure of the hare fuel that a figure of some kind has been repeated. 

The attempt, was made to find out whether the sequence of 
position had any intluenee in the perception of the common 
element. If we number etieh of the five positions in a group 


& 

Q) © 

• ® 

© <n 

ID 5 <2> 

& & 


<? 



<57 0 c?C2 OH 


Fig. ‘ Hhuwing the grouping of the tig urea when the sequence of 
the common element is altogether irregular. 
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of five elements 1, 2, 3, 4, 5, we have a means of recording this 
sequence of position. In the first group the common element 
may come in position one; in the second in two, and so on. "We 
may have such an order as 1, 2, 3, 4, 5, 1, 2, 3, 4, 5 or 1, 3, 5, 3,1, 
3, 5 or 1, 5, 1, 5, etc., or the sequence of the common element 
may be altogether irregular. Whatever influence the sequence 
of position might have, it is so slight that it is obscured by the 
varying attractiveness of the figures themselves. So long as 
the common element does not come twice or oftener in the same 
position, the sequence of position seems to have but little effect. 
If it comes twice in the same position and the subject happens 
to see it, he involuntarily looks at the same place in the next 
exposition. In a word, then, it would seem that what was nat¬ 
urally to be expected is here the case. Everything that calls 
attention to the figure, either accidental circumstances or in¬ 
herent qualities, tends to accelerate the process of its isolation 
and perception. 

(b) The Disappearance of the Surrounding Elements. 

Once the common element has been perceived, the surround¬ 
ing elements are swept from the field of consciousness. They 
do not merely become less prominent, as one of the surrounding 
elements does when another is noted. They are forced into 
oblivion, usually complete. Earely, one or two can still be 
remembered. In the passage quoted from the Atti del V Con - 
gresso 2 I reported that “Subject K, in experiments where no 
figure was recognized as repeated, could afterwards draw the 
following numbers of figures as remembered: 3, 2, 2, 4, 4, 2, 1, 3. 
When, however, he had perceived a common figure, he could 
draw as remembered only 0, 0, 0, 1, 0, 0, 0, 1.” 

This condensed account of the experiments needs explanation 
in order that it may be understood. I think that it was reading 
the account of Kulpe’s “ Abstractionsversuche” that first sug¬ 
gested to me that I could test one of the results that he obtained 
in Wurzburg. In his paper before the first German Congress 


2 See p. 115. 
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of Experimental Psychology he reported 3 that “negative ab¬ 
straction has its most evident effect in the most difficult task” 
(p. 65). The great or, therefore, the absorption of the attention 
in the principal task, the less is remembered of the secondary 
task. It might therefore be concluded as a general law that 
the perception of the element to be abstracted has a tendency 
to obliterate the memory of the other elements. To test this 
result by our own method l asked the subjects at the end of 
the experiments to draw the figures which they remembered. 
Sometimes they had noticed a common element and sometimes 
it happened that they had seen no common element—-either 
because there was none to see, or through some accident they 
failed to notice the common clement that was present. Whether 
or not a common element is actually present made no very 
great difference so long as it was not noticed. I did not 
put this latter point to a careful test, and a common element 
that is not noticed at all may have some slight effect which is 
lacking when no common element is present. But there is a 
very great difference in the number of figures which can be 
remembered after an experiment in which no common element 
was perceived, and one in which the subject did see a common 
element. The numerals given above for subject K give the 
number of figures that ho could draw in experiments where he 
had not seen, and again where he Itad seen, a common element. 
They seem to prove that the perception of a common element 
places the surrounding elements at a great disadvantage so far 
as their preservation from oblivion Is concerned. But the 
figures as given are open to objection. It did not occur to mo 
at the time that the series where no common element was per¬ 
ceived were generally longer than those where one was perceived. 
Hence there was a greater chance to remember more figures. 
However* the subjective analysis leaves no room for doubt on 
the matter. It is with great difficulty that one remembers the 
other figures after perceiving the eommon element. Whereas 

n fit'rwht kher den L iitmnrem fur erperimentetle PniteiwUujie in Oitwnn, 
UHUt pp. SC If. 
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when no common element is perceived, several figures are usually 
drawn readily and with ease. 

However we are not left entirely to subjective analysis in 
the matter. Even when we take into consideration the relation 
of the length of the series to the number of figures remem¬ 
bered, we see that the memory of the surrounding elements is 
at a decided disadvantage whenever the common element is 
perceived. 

The following results make this point clear: 

Subject K. 


Common Element Not Seen. 

Common Element Seen. 

Figures 

No. of 

Figures 

o 

a 

remembered. 

expositions. 

remembered. 

0 

expositions. 

14 

3 

25 

0 

10 

2 

25 

0 

11 

2 

25 

1 

13 

4 

25 

0 

9 

4 

25 

0 

7 

2 

24 

0 

11 

1 

25 

0 

20 

3 

25 

1 

12 

— 

— 

— 

— 

21 

199 

2 

107 


10.5 = Percentage of figures remembered when the common element 
■was not seen. 

1.9 = Percentage of figures remembered when the common element 
was seen. 

Subject W. 


Common Element Not Seen. Common Element Seen. 


Figures 

No. of 

Figures 

No. of 

remembered. 

expositions. 

remembered. 

3 

expositions. 

20 

7 

25 

5 

24 

3 

25 

2 

9 

9 

25 

3 

25 

7 

25 

0 

12 

3 

25 

2 

11 

4 

25 

0 

20 

— 

— 

— 

. 

33 

150 

15 

121 


22.0 — Percentage of figures remembered when tbe common element 
was not seen. 

13.2 = Percentage of figures remembered when tbe common element 
was seen. 
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Subject G-. 

Common Element Not Seen. Common Element Seen. 


Figures 

remembered. 

No. of 
expositions. 

Figures 

remembered. 

0 

No. of 
expositions. 

15 



4 

21 

2 

25 

0 

4 

4 

25 

0 

4 

5 

25 

0 

4 

0 

25 

1 

7 

5 

25 

0 

8 

3 

25 

0 

7 

6 

25 

0 

4 

3 

25 

1 

13 

28 

200 

6 

87 


14.0 = Percentage of figures remembered when the common element 
was not seen. 

6.9 = Percentage of figures remembered when the common element 
was seen. 

2. The Process op Perception. 

It would seem at first sight that the sense-perception of a 
given object is a matter which concerns, almost exclusively, the 
sensations involved in the act of perceiving. Suppose for in¬ 
stance that we have to do with the visual perception of some 
object. Then we can pick out the shades of brightness and the 
tints of color, and the spatial data given by the sensations 
arising from movements of the eye, and, if you will, the feelings 
of pleasure or dislike that may be involved. And this analysis 
having been completed, the task of the psychologist seems to 
have been done. The analysis is exhaustive and nothing more 
is required. This is a superficial view of the matter, but still 
a view which seems perfectly warranted until one seeks to find 
by experiment just what are the factors in the process of per¬ 
ception. It then appears that there are two factors. One may 
be termed objective. It involves the elements mentioned in 
the analysis just given. The other may be named subjective. 
This involves the correlation of the data of objective perception 
with that of past experience,—'apperception’ in the Herbartian 
terminology; 'assimilation’ in the Wundtian. 
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Wo maty use the words * peremption’ and 4 appereepttmi* tor 
the ohjeetive anti subjective i'aetor* ttt our apprehension of an 

olijeet. 

In the vLsual perception of am object there is one {aunt whieh 
may be reyarded as a statue of relative perfect inu, ami that is 
tlu* atapusition of a definite ima§re* In tie* proeess of upper- 
eeption there is no sneh staye whieh may be drstwafed m per¬ 
fect, nor indeed is It always easy to say whet her or not the object 
has been appereeived at all. 

For this reason we may take the aetjuisition of a definite 
intake of an ohjeet m a kind of eardiinil point unit ask ourselves 
what stages of pereeption and apperception {ireeede and wind 
follow the etear visualisation of the ohjeet, One of the first 
ttutors which beeumes apparent in yoiny over the data of the 
experiments is this; Pereeption tutd nppereeption Here litter* 
twined in flit* proems of apprehending the common element, 
roneernim: the apprehension of the figures surrounding the 
eoinmon element the experiments ttive practically no data. It 
heentue possible to piek out stages in tin* apprehension of the 
eomtftofi element because fa l the snbjeef s attention was direefed 
to Heeimr a figure repent itself ami thereby a special figure had 
to tie looked for and impressed on the memory ; and flit the 
process of apprehension was often 10104 drawn out, thereby 
giving an opportunity for the stupes to be definite enough for 
detection, 

Tile experiments ill whteh the development of the knowledge 
of the figure was hum drawn out were in tin* minority. ami 
represent those ruses where the process of apprehending the 
tiipire was relatively ditllmtU, Or rattier, the* represent those 
eases where 11 focal pereeption of the common element wns 
accidentally delayed, These an* tin* hopeful *u#i for psycho- 
louieal analysis. Any one eould took nt two of our Ityures and 
felt at 11 sdanee whether they were the same or not lint in m 
dotitt: lie eould not say with certainty just how ie* earn** to that 
conclusion, except Hint his eyes told him so, iVrlwtfu here on** 
really is concerned with a romparisen of usmil urnryes. Hut 
even this is not dear, Suppose the rate of metwdmy imptvs 
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sions is so rapid that there is no time to stop and compare 

images; suppose, too, that it is not possible to see the figure at 
will in the local point of vision; what; then will tell us that two 
succeeding figures are identical? This is really what was done 
in our experiments. The rapidity of the rhythm of exposition, 
the changing position of the common element, made focal per¬ 
ception at will an impossibility. As a result, the process 
of apprehending the common element often proceeded in stages 
that were well marked, ami thereby it became possible to analyze 
it. For it turns out that the apprehension of a simple figure 
is not itself as simple as one might suppose. (Certainly there 
is involved in it something more than mere seeing with one’s eyes. 

Home samples of the subjects’ introspections are given below. 
These data were obtained by running through the experiments 
and picking out what the subjects described as the first thing 
to be noteci in their apprehension of the common element. Tilt 1 
samples given may be considered as answers of our subjects to 
the question, 44 Wlmt did you first notice?” if we exclude as 
irrelevant the remarks about certain figures which attracted their 
attention before any idea of a common element was present. 

A, Data Ae^tuima iikpuhk a ecu ah rKHCKi'Tios or Tin; i’ohm. 

I, Fvtiinp tww: 

An unpleasant utmymmetrienl figure*, {HI.) 

ti. Appropriate MvaUil ('ate pot it's: 

The then of Home kind of a figure; absolutely no determinate 
knowledge of just what kind; a very frequent ease, and one 
that represents the earliest stage of perception, 

A horizontally lying curve,* 

Hymtnetry: 

Hubjeet not teed first that the figure was hi laterally Kymmet* 
Heal* and only on seeing It somewhat later did he get an 
idea of the form, (Wr,) A pointed symmetrical figure, 
{Mw,) An uuaymmetrieai figure, (IK) 

An idea of the figure ehanging its posit loin before an image 
of its form. (K.) 

A common element similar to the one in the preceding expen 
meat, (Mo,) 

4 A rare inrdanee of spatial dtreHhm being given before a edear image*. 
The figure was (S t 18), For an explanation of this manner of referring to 
the figures by number, see page I IB, 
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Familiarity or Unfamiliarity: 

Won of a common element* then of some! 1ststrungpu (li) 
in own Horioa of experiments* figures worn introduced which 
the subject had not neon before* 7* mud that with these 
dinks he first noticed something new. and afterward* n 
special figure. 

3, Partial Pmrptkm af the Fiyure; 

Subject knew first that a common element wan present, then that 
it was circular in form, then lie obtained a complete idea of 
form. (UJ 

A pointed figure, (Mo.) 

An open kind of figure. (Mo.) 

Subject knew that the figure w m round, and had an Idea of about 

how big it was, and could not get true form, (Thu figure w§i« 

10,16.) (Mw.) 

A narrowly oblong figure, (M w\) 

Something with top lines crossed, On stopping the apparatus 
knew exactly what the figure was, The image faded and the 
abstraction, something with top tine* crossed, remained, t Mwj 
Subject first noticed something resembling a heart, then that it 
was different from at heart,. (It,I 
4 * 1 next not teed that the figure warn pointed, t ff«| 

At end of experiment subject hud forgotten whether tho figure 
wiih a circle or n polygon. {l£.) 

A bar in the center with Hume kind of curves, Thin the oube*ef 
attempted to draw, but faded utterly to produce the figure, III,) 
Subject knows that flu* figure ha* it square in the middle, but 
cannot place the at pm re where it belong*, f ftl ,l 
At end of experiment the subject was certain of two fmitjfhei with 
points together* and did tint know just how the other ititei were 
drawn, {HI) 

At end of experiment subject remembered a diamond in the confer 
of the figure* but warn able gradually to build up the figure fimm 
this one fact and draw it C*T 3) correctly, flllj 
Hud at first the idea of some Mnd of n polygon, fill, I 
Thought a dark spot won hi flint out to be the common element, 
mid wo it did, ( HI,) 

A narrow oblong figure, ffht 
Noticed at first a point ami thru a square, r fij 
First fiotice?i johnN and then so met long crowed; flwittv old atned 
the true linage, (fir.I 

Knows flint figure consists of two triangle.*, but does uuf knnm 
where to place the corners, $%, \ 
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At tho end of the experiment the subject knew that the figure 
had something round in the middle, lie was able to pick out 
the right figure (Id, H), on another disk, when it was placed 
before him. (%.) 

B, Data acquired after a clear perception of the form. 

1. The idea of a fhjure *$ orientation; 

In some figures a distinct axis may easily be picked out. They 
are built around this axis. And according to the position of the 
axis the figure may be turned to the left and right, or up and 
down, to* it may be rotated around the central point of this 
axis. The actual position of the figure, as determined by the 
direction of the axis, is what 1 menu by the figure’s orientation. 
It frequently happened that the subjeets were in doubt about 
the orientation of the figure but felt per fee Uv eertuiu about the 
form and did have, in fact, a eorreet knowledge of all the 
details of the figure. This leads one to suppose that since the 
orientation of the figure is not given with the perception of the 
shape and details of the figure *s composition, it must require 
for its perception a distinct act over ami above the act or acts 
of apprehension that are necessary to acquire a knowledge of 
the form, 

Not only is the subject often left in doubt about the orientation 

of the figure, but he frequently is the victim of a delusion. It 
is an interesting fact that the subject would often be positively 

certain of an orientation that wan just the opposite of the true 

one. 


The explanation of thin emmeems judgment in not certain, 
(Jriinbaum lias termed the phenomenon mirror drawing ( tipicgel- 
zviehnumj) > intimating that the figure is drawn as if from its 
reflection in a mirror, ''Pile errors, however, are not merely 
such as would he caused by drawing from a reflection in a 
mirror. They may indeed he right and left reversals, hut they 
may also he up and down reversals or rotations of the figure, 
through an angle of ninety or of a hundred ami eighty degrees; 
or errors which would lie produced hy combining tin* above 
alterations of posit ion. As a possible explanation of the (Illusion, 

I would suggest the following: The figure was noon hy glancing 
at it from another figure, This glams* involved a movement * 
of the eye. Ordinarily the orientation of a figure* is judged 
at leisure, hy moving the eye from one part of the figure to 
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another. But in the rapidly dtsappeartmt tiy;nre.s, in our ex¬ 
periments, thin was not always possitde. The details of the 
form wen 1 seen first. This involved perhaps a single fxlanee. 
which was an up and down movement of the eye, or n rivtht and 
left movement or a rotation of the eyeball. This ixlauee at the 
figure gave rise to the idea of its orientation. It was inter¬ 
preted as a glance along the axis of the figure or from one point 
of the tlgure to another. There was no time to eorreet the tlrst 
idea by a second movement of the eye. And the ehanee move¬ 
ment. in observing the future, gave rise to the delusion of 
orientation. 

From the faet that such delusions and doubts occur fre¬ 
quently. it. seems clear that a true and certain perception of a 
future’s orientation requires a special mental act ami is not 
ordinarily given with the perception <>f its form. U.trely, it 
may precede the full perception of the form 

The following .stages of development give in brief outline 
an analysis of the process of peiveption; 

fhr & nf 

U Tlw gmuml «f smut* Um4 of a f#«§w&io4, In tin 

fltnrn ii tin tlnfiinfn abmi ilm iloijto *»f latum ||$» 

llgiirn i%ti;it“*f»«n’nr, 

ll t \ ifittfn **r |o-h flM*| pftu UiH Tin Mm mf Itm 

figure mm to« M%j*fwnot by §mfrtWf% Unm if f»ny \w ibvmw 

|tntm*4 by n tnur*t nr k^ |<nr<Wi niri^o, 

,1, \ ruttwl ui»v* nf flu m%4 *,f m t|t *j»*\ lull 

tlniilt nr rimr ;a to «?■> 

I, A nln* ilm $$g'W« ;m4 »n nMf>o mhl$ n frto htumUM^ of 

it* urioiitiitniii, 

A jkh'ftwnt wr ii!ij4n;i4*iiil hm** hi iMm^ i»n> 
my nf tlifw fltm* f4.1t Mmm l haw n**vnr fWtmf il with 

tin* flral, 

Krt*m tl$n n\mw mn%\yk< Up* **r4n* *4 4 -wJmjuiihiI win* 

Pffflnut, Ttf4 4 f|lij^rl ilut‘4 ti*4 pn,m fr<*m fti 1 ' Ifl4m4ttftt tp llic* 

W'lM'Dll, IVnfff flip fHfinrr!** Im *>U* Ml? JU'4 flir Mffv 

What 14 *4lVr«*4 !« turns* 1 ■* m4i%hhtul nn4 

Hut mini! fiiin fit 4 *m4 k hh >*n fp p» that ***** 
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fit into some kind of a mental category that tlie figure suggests. 
What one sees and does not hold on to, hut at once forgets, 
takes no further part in the process of development. The 
mental category may be as wide as that conveyed by our idea 
of ‘ something. ’ Or again, it may pick out some special char¬ 
acteristic of the figure. There are, indeed, two classes of incom¬ 
plete apprehensions of the figure used above and spoken of as 
appropriate mental categories and partial perceptions. The 
partial perceptions noted above must not all be put down as 
mere incomplete images. Once a subject said that she knew 
the figure was made of curved lines. She had not the slightest 
image of any curved lines nor any idea of how they were 
arranged. She attempted to draw some curved lines but failed 
utterly to reproduce the figure or any part thereof. Had there 
been a mental image of any part of the figure, that part could 
have been drawn. But there was no image. On perceiving 
the figure, it called-up by association the idea of curved lines. 
That the figure belonged to the class of curved-line figures was 
apprehended clearly and remembered. The image of the curved 
lines was not remembered. 

Another instance is that of Mw above. The final result was 
the memory of something with the top lines crossed. On stop¬ 
ping the apparatus she knew exactly what the figure was. The 
image faded and the abstraction “something with top lines 
crossed’’ remained. 

Sometimes there may, indeed, be a piece of a mental image 
in the mind. But frequently, perhaps generally, this is not the 
case. The partial memory of the figure means simply that the 
figure called up some such general concepts as points or angles 
or curves, etc. The subject remembers the fact that the sensation 
fitted the concept at the time of perception. The sensation may 
leave no image behind it, but the memory of the fact remains. 

We may regard the process of perception as terminating in 
a mental state representative of the figure and reproduceable in 
memory. The case of G- above may be taken as representative 
of a good course of development. The subject knew ( a ) that 
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a common element (12, 13)of some kind was present. (6) He 
then knew that it was circular in form, (c) And finally he 
obtained the true mental image or at least a mental state that 
enabled him to reproduce correctly the figure he had perceived. 

When the subject knew that some kind of a common element 
was present, he was not, of course, seeing a general idea of 
something with his eyes. On the contrary, perfectly individual 
and concrete sensations were being perceived. The process of 
perception was one of normal sensation, but in all probability 
not of focal vision. The process of apperception was the recog¬ 
nition of these sensations as belonging to the general concept 
“some kind of a figure.” Later on, this concept was specialized 
to that of “a figure circular in form.” Still later in the process 
of development, a mental picture was obtained representing the 
figure in its details. 

However, the mental image forms no essential part in the 
apprehension of a figure . It is like the illustration in a book 5 
which is useful but not necessary for the sequence of thought. 
The contention that the mental image forms no essential part 
in the apprehension of a figure is proved by the following ex¬ 
perimental facts: 

(a) Subjects Be, Bl, G, K, M, W, Z were at times conscious 
of a figure repeating itself before they could say anything more 
than that some figure was being repeated. 

A figure was apprehended as repeating itself. Certainly, 
therefore, a figure was apprehended. But there was no image, 
nor any further knowledge of it than that it was some kind of 
a figure. Therefore the image is not necessary in the appre¬ 
hension of the figure. One must not confound the visual image 
with the visual sensation. Without the sensations one might 
just as well have his eyes shut. There would be no apprehension 
at all, because nothing to apprehend. But in the resultant 
from the visual sensations, the mental image has no essential 

s In the above statement I do not mean to call in question the conclusion 
of Watt about the utility of the mental image in forming associations. 
Mental imagery is very convenient and useful, but it is not the only element 
in the flow of thought, nor is it an essential element. Cf. Watt, Archiv. f. 
d. ges . Psychol,, 4, pp. 361 ff. 
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part because it may be lacking altogether. The residuum may 
be the bare fact of memory that the sensations did call up 
certain generalizations and did represent something belonging 
in their category. 

( b ) These results were not only obtained by a subjective 
analysis of the course of development after it had transpired; 
but were also confirmed by an objective test. Shortened series 
of expositions were given so as to cut short the process of devel¬ 
opment before it had arrived at completion. For example: 
Subjects wdio require on an average fifteen expositions to be 
sure that a figure was repeated, were given six or seven. They 
were asked at the end of the abridged series to describe their 
state of mind. In this way a kind of cross-section of the process 
of perception in its course of development was obtained, and a 
confirmation of the results of memory and introspection was 
secured. 6 

(c) The following series of experiments with subject Z is 
noteworthy in this regard. A series of disks was prepared in 
which there were two common elements. Common element a 
appeared in groups 1, 3, 5, etc. Common element b appeared 
in groups 2, 4, 6, etc. The two common elements were thus 
exposed to view alternately. The subject was told to stop the 
apparatus as soon as he was certain of one common element. 
He did not know whether or not there would be one common 
element in each group, or two in alternate groups, or none at all. 

Experiment 1. Common Element (9, 12)—(10, 16). 

Result: The subject had a feeling that some kind of a common 
element was present during a period in which no determinate 
figure had as yet been noted. After four exposures he was sure of 
9, 12 and when the apparatus stopped he saw 10, 16 by accident 
and knew that it had been there before. The subject then drew 
both figures correctly. 

Experiment 2. Common Element (10, 15)-(10, 14). 

After ten exposures the subject drew 10, 15 and said that he had a 
feeling that another common element was present. 


6 For a fuller account, see below, p. 163. 
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Experiment 9. Common Element (5, 12)—(4, 12). 

The subject stopped the apparatus after nineteen exposures and said 
that he was perfectly certain of some common element and that 
there should be two, because two certainties kept crossing each 
other in consciousness, but with no image. The feeling of cer¬ 
tainty could not attach itself to any common element because before 
it could do so, another feeling came of another eommon element. 
He was unable to draw or tell anything about either of the common 
elements. 

Experiment 12. Common Element (14, 14)-(13, 14). 

After nine exposures the subject stopped the apparatus and said that 
be was certain of two common elements, but what they were he did 
not know. He had a feeling that there was some common element, 
but he could not find it. He judged that there were two because 
of the difference in feeling between these experiments and those in 
which there was but one eommon element in each group. 

The remaining experiments of this series confirm these 
results. 

Further experiments were made with this subject, in which 
disks were introduced having one co mm on element in groups 
1, 3, 5, etc. In groups 2, 4, 6, etc., there was no common element. 
He sometimes mistook these disks for those of two common 
elements, but he never said that there was a common element 
on a disk where there was none at all. Nor did he mistake a 
disk with one common element in each group for one with two 
eommon elements. 

These experiments make it perfectly clear that a common 
element may be perceived and that, too, with certainty, while 
in apprehending it there is not only no mental picture left in 
the mind, but not even a more or less specialized general concept 
of its form. 

From the experiments of the above sections (a, b, and c, pp. 
134 ££.), the conclusion is warranted that a mental picture forms 
no essential part of our apprehension of a figure. 

Taking perception as a general term to cover all the pro¬ 
cesses by which we arrive at a knowledge of the figure, we may 
distinguish therein the following factors: 
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A. The Process: 

(a) An objective Factor: 

The sensations to which the figure gives rise. The reception of 
these sensations by the mind institutes a process of apper¬ 
ception. 

( b ) The Feelings: 

Here feeling is taken in its strict sense, as pleasurable or dis¬ 
agreeable, or a feeling of tension, etc. 

(c) A subjective Factor: 

The sensations are recognized as representing an object which 
belongs to one or more mental categories. 

B. The Residuum: 

(a) The memory of the fact that the object belongs to such or such 

categories. 

(b) The mental image. 

( c ) The memory of the figure’s orientation. 

In the residuum, (a) is essential, (5) is not essential. I 
cannot have an image of a figure without at least knowing 
implicitly that it belongs to my mental category of figures. 
But the experiments have shown that (6) is not essential, for 
one can apprehend a figure without forming any mental picture 
thereof. 

The above view of the process of abstraction is borne out 
in some important details by the work of Arthur E. Davies of 
the Ohio State University. 7 This experiment regards two facts 
as established. 

* 1 The first is, that perception is a mental process, not an act; 
and the second, that the perceptual content undergoes a growth 
before it can be definitely defined” (p. 189). 

Our own experiments have made these points abundantly 
clear. He also agrees with us in a conclusion that he puts for¬ 
ward tentatively. “Primitive psychic material does not seem 
to be so much received from without, as developed from within. 3 38 
Taking this to mean in our own terminology that in the process 
of perception there is both an objective and a subjective factor, 

7 A. E. Davies, { ‘ An Analysis of Psychic Process. ’ 7 Psychological Me- 
view, 12, 1905, pp. 166-206. 

s Op. cit. } p. 200. 
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it must be put among the established facts of psychology; and 
indeed the subjective factor does have very much to do with 
the final product—perhaps more than the objective. The author 
points out three stages in the perception of the form: 9 ( a ) the 
perception of light. (6) An imperfect perception of the form, 
(c) A perfect perception of the form. That the perception of 
light should enter here as a stage prior to any perception of the 
form is indeed remarkable. The explanation, however, is to 
be found in the conditions of the experiment. The subject 
sat in the dark and the figures were illumined by a flash of light. 
Before any perception of the form could take place, there had 
to be a process of adaptation during which only light could he 
perceived. It is strange that the author makes no reference 
to adaptation as accounting for the perception of light prior 
to that of form. The flash of light, too, accounts for the feelings 
of tension, surprise, etc., to which so much attention was given 
by the author. However, it would he natural to suppose that 
a feeling of tension or excitement, or both combined in a weak 
emotion of surprise, might well precede the entrance of any 
objective perception into the field of consciousness. 

The author notes that positive examples of association 10 were 
rare. The experience in our own experiment was that with some 
subjects they are plentiful enough, but rare with others. 

In the following section, he seems to differ from us radically. 
c ‘ If therefore by association is meant the subsumption of a 
particular perception under a general idea or class, we do not 
find that such a procedure is characteristic of elementary psychic 
process. ’ 

We take it, however, that his data on this point is negative. 
He did not find it to be so. And indeed he does not say that 
it is not the case. So, even here there is no real contradiction 
of results. The method used was not calculated to bring out 
that stage of perception which we found, in which there was no 

Q Page 176. 

10 We suppose that there is here meant association of the figures per¬ 
ceived with various ideas or objects of real life. 

11 Page 191. 
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image but only the bare knowledge of some kind of a figure. 
Davies exposed a figure by a momentary flash of light in a dark 
room. The subject was then required to give an account of his 
experience. There was always but a single exposure and no 
chance for a long-drawn-out development of the process of 
perception such as occurred in our own experiments. The op- 
opportunity for a longer process of development enabled the 
analysis based upon our own experiments to be more complete. 

3. Tun Factor on Memory in thb Process on Abstraction. 

After the common element has been separated from the 
elements that surround it and perceived, it must be held in 
memory. The memory of the isolated characteristic or group 
of qualities is an essential element in the process of abstraction. 
Consequently it would seem desirable to investigate this process 
of memory as it occurred in our experiments. 

There are three factors which are readily seen to affect the 
process of memory: 

(a) The method of memorizing —visual or motor, or whatever 
method may be used. 

(b) The effect of perceiving new groups between the time 
of the figure’s first perception and its final recognition as a 
figure that has occurred more than once. 

(r) The locality of perception— the chance falling of the 
figure in the baud point of vision, or more or less outside of it. 

Ktueh one of these points can be easily made the subject of 
experimental investigation ami the three following sections give 
the results obtained: 

(a) The Method of Memorizing . 

During the course of the experiments it occurred to me to 
ascertain how long it would take to memorize a group of five 
figures so that they could be accurately drawn. While acting 
as subject in these experiments I discovered that this was largely 

dependent upon the method of memorizing. At first sight it 

**,»*’ oTV ( J * 
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would seem that in looking at a group of figures and attempting 
to get them in mind for future repmluetmu, one turn to do with 
a process <»f imnion.'Jitvt by vihh.i 1 imagery. Hut one has but 
to attempt the lank t» discover that besides the visual image 
then- is something else which is tt powerful aid to memory. 
And this in a ne<re or less complete mental analysis of the tlgurrs, 
an analysis wtneh it is utterly mmeerssary for the subject to 
put in words, What are tin* figure's more elemental parts! 
ihnv are tiny related? l>»<es it n semtde any thing in real life! 
Hneh faetors as these are elements ulueh, must will admit, do 
not belong to the vsnml sensation. ns sueh, m»r to its more or linn 
jnrfeet rejdiea, tin- venial image The attempt to picture an 
object so as to l** aide to vc it clearly with the mind's eye, anti 
If net d lie, draw s«, !•> •»«*• mental process The effort to analyze 
on el.jeet, to see w hot it H Hl.efe of, what d resembl**, its po«. 
Hitde use, i te, v-i another mental prooo.vi And while the two 
may e.t hat. 1 in hand, tie i n* . d md; amt it is possible to 

menion.v In either method 

Kvpero-?,.’., h"»veV) r, would indicate that viiuidt/, alien with¬ 
out (iiiiihm .i r.ov and difficult However, thee are two very 
diatmef Methods of fie, and wtuto it H not possible hi 

tine , It her m an absolutely pure and unadulterated form, still 
it n p.-nul.h- t. make * iih> r vr.indi/atioii or mmliain the pro- 
dominating feature m He- method of memorizing. This was 
attempted 0* tie b Ibning terms of evpensmnts. The method 
of experiment oat Very simple A group of live tigures was 
evpir.)»! for a eou-itatit t.ue- and fle• subject was eidled ujwn 
to ineftjor»>' the group by •>w *>r tie- other method. At the 
end of the Pile* lie* group was covered and the subject railed 
upon to draw what to- ivm< juto-fcd Tin* draw imp* were then 
rated, no approvimat* Jy perfect draw mg being given » etnlit 

of I An unpertVl drawing, tail »tdl . .g»d wide its being 

mtouded for »ti<- >.f tie- figure?* expand, was given « eredit «f 
ltd An utta-riy unr<'r..gim-,idde drawing was given u credit 
of u j. An esniveoij Aiin counted to* f*«*fo It is not always 
possible to a drawmg vrjh certainty to ><ne of the three 
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gradings. However, it is generally fairly easy and is better 
than calling everything perfect or zero. 

After a little experimenting it became evident that the 
method of analysis had a decided advantage over that of visual¬ 
ization. After this was noticed, there might be a subconscious 
tendency to favor the marking by analysis and thereby 
strengthen the evidence for the point maintained. But however 
much one might do this l am sure that no system of conscientious 
marking could turn the balance in favor of visualization. To 
offset any such tendency 1 was a little stricter in marking the 
results obtained in memory by analysis than those obtained by 
visualization. And l believe that the markings given for analysis 
are a tribe too low. 

A much more serious difficulty is that which arises from 

the attempt to exclude all analysis of a figure when one is trying 
to get a visual image of it fixed in the mind. Associations crop 
up spontaneously, and one simply cannot exclude, all analysis 
of the figure. The subjects were instructed that when they were 
attempting to memorize by visual imagery they were not to 
mind any involuntary associations or analyses of the figure that 
might spring up, but still not to main* any great effort to sup¬ 
press them. The result is that the two sets of experiments really 
represent memory by visualization without attempt at analysis 
or association, and memory by analysis and associations without 
any attempt to acquire a definite mental image. It is much 
easier to memorize by analysis to the exclusion ol imagery than 
vice versa. Subjects often remarked that figures were remem¬ 
bered by stone association rather than by imagery when they 
were attempting to memorize by visualization. But it seldom 
happened in attempting to memorize by analysis and association 
that the figure was recalled by its visual image suddenly ap¬ 
pearing without any apparent associaiional connections. As a 
result of this the markings for memory by visualization are 
considerably higher than they would be if the method could 
have been used in absolute purity. 
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Subject B. 


Sept. 27, 1907. 


Oet. 11,1907. 

Oet. 25,1907. 

Imagery. 

Association. 

Imagery. 

Association. 

0.8 

4.0 

2.1 

2.6 

0.4 

1.7 

2.1 

2.2 

0.4 

2.1 

0.4 

3.2 

1.2 

2.1 

3.0 

1.2 

0.3 

2.0 

2.2 

2.2 

1.6 

2.1 

1.5 

1.5 

— 

— 

3.0 

1.7 

6) 4.7 

6)14.0 

1.3 

3.5 

0.8 

2.3 

1.1 

2.6 



2.0 

— 



1.2 

9)20.7 



1.5 

— 




2.3 



12)21.4 




1.8 



Oct. 4,1908. 


Oet. 31,1907. 


Imagery. 

Association. 

Imagery. 

Association. 

2.5 

3.0 

1.5 

3.1 

2.0 

3.2 

0.1 

2.1 

2.1 

2.1 

3.1 

3.2 

2.1 

3.0 

1.6 

2.2 

1.1 

1.5 

1.5 

3.0 

2.0 

3.5 

5) 7.8 

5)13.6 

— 

-- 

__ 

— 

6)11.8 

2.0 

6)16.3 

2.7 

1.6 

2.7 
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Subject R. 


Sept. 26,1907. 


Oct. 10,1907. 


Imagery. 

Association. 

Imagery. 

Association. 

2.6 

5.0 

2.2 

2.7 

2.0 

4.5 

4.5 

3.6 

1.0 

5.0 

3.0 

5.0 

3.0 

2.5 

2.5 

2.7 

3.1 

5.0 

2.0 

4.5 

1.5 

— 

5.0 

4.0 

— 

5)22.0 



6)13.2 

— 

3.0 

3.5 

— 

4.4 

3.1 

4.1 

2.2 






1.5 

5.0 



1.3 

5.0 

Oet. 3,1907. 






2.1 

3.1 

Imagery. 

Association. 

2.5 

5.0 

3.0 

5.0 


— 

3.0 

1.0 

12)32.7 

12)48.2 

1.1 

3.0 

2.7 

4.0 

4.0 

4.1 



2.2 

2.0 



2.9 

4.4 



2.7 

3.0 



— 

4.0 



7)18.9 

— 



— 

8)26.5 



2.7 

- - 




3.3 




Subject Mo. 


April 18,1907. 


Imagery. 

Association. 

2.0 

4.0 

2.0 

5.0 

2.0 

4.0 

2.0 

4.0 

2.0 

4.0 

5)10.0 

5)21.0 

2.0 

4.2 


April 25,1907. 


Imagery. 

Association. 

4.0 

3.0 

2.5 

5.0 

2.0 

3.0 

2.0 

4.0 

3.0 

4.5 

2.0 

5.0 

6)15.5 

6)24.5 

2.6 

4.1 
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Oct. 8,1907. 


Nov. 7,1907. 


Imagery. 

Association. 

Imagery. 

Association. 

2.0 

4.5 

3.0 

4.0 

2.0 

5.0 

2.0 

4.0 

1.0 

4.0 

3.0 

5.0 

4.0 

3.0 

3.0 

3.0 

3.0 

4.0 

2.0 

4.0 

4.0 

5.0 

3.0 

3.0 

3.0 

4.0 

3.0 

3.0 

3.0 

5.0 

2.0 

5.0 

2.0 

4.0 

3.0 

4.0 

3.0 

4.0 

3.0 

4.0 

10)27.0 

10)42.5 

10)27.0 

10)39.0 

2.7 

4.2 

2.7 

3.9 


The above tables show in every case a decided advantage in 
favor of memory by association and analysis, over memory by 
imagery. It would therefore seem as if the psychological factors 
in the analysis and association of a figure add greatly to the 
mind’s power of retaining and reproducing it. An objection, 
however, was suggested by a friend who was not inclined to 
give up so readily the primary importance of mental imagery 
in the process of memory. Perhaps in memory by association, 
he held, there is brought into play the motor imagery which is 
inhibited by the attempt at visualization. So that in what is 
termed memory by association we have really memory by visual 
imagery plus motor imagery, and therefore this is naturally the 
more favored form. That such was not the case is evident 
not only from evidence to be given later, but from the record 
that was kept of the cue by which the subjects fixed the figures 
in mind in memorizing by association. Not once did they 
mention any feeling of movement, as of outlining or drawing 
the figure or its parts, but the associations were always such 
as connected the figure with some known object, or analyzed it 
into parts, or some kind of description was given which was of 
itself insufficient to express the subject’s full concept of the 
figure, but stood as a symbol for his mental state in regard to it. 
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Below are a few random samples of such associations, divided 
into three classes: 

(а) Associations which connect the figure with an object in 
real life. 

(б) A description which indicates some kind of an analysis 
of the figure. 

(e) A designation which really expresses the subject’s in¬ 
ability to associate or analyze the figure in t.iu* given time, but 
which nevertheless serves as a symbol of the figure and aids in 
its recall. 


A. Object. 

Scroll of paper. 
Melon. 

A kind of handle, 
Htar. 

Tulip. 

Heart. 

Bwaaiikiu 

Diamond with handle. 
Dumb boll. 

Two turnips. 

Necktie. 


Ji Analysis. 

Circle. 

Curved figure with dot. 

A kind of hexagon, 

A kind of oblong, 

A kind of aquare figure. 
A half circle. 

A kind of wire 11, 

(‘urvm 

Dots. 

Hquares 

Points 

Pentagon with dot, 

Put triangle. 

Put quadrangle. 

Hornething long and nar* 
row with points, 


C. Symbol. 

Curlycue. 

Funny figure. 
Something upside down. 

The well-known figure. 
The unassociated figure. 


On looking over this list of associations one might he inclined 
to say that this so-called memory by association and analysis 
is really nothing hut a process of naming the figures and remem¬ 
bering the words used. That might he so it the catch-word 
used to designate the figure generally were sufficient to express 
it truly. But that is not the case. The figure is never com¬ 
pletely described. And the subject's task is not to remember 
his description of tin* figure but to remember the figure so as 
to be able to draw it. The word or words used serve to fix and 
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crystallize tlie mental state that was experienced in perceiving 
the figure. They are not that mental state nor do they fully 
express it. Why? Because there is more in that mental state 
than is given in the word. And how do we know this ? Because 
the subject draws more than his words express. 

It is an important thing to ascertain the real value of motor 
imagery in memorizing such figures as were used in our experi¬ 
ments. It is not evident from inspection that it is either 
inferior or superior to “memory by association. Accordingly 
a method was devised by which the value of motor imagery 
could be tested. The subject was allowed to trace the figures 
with a pointer in one set of experiments, thereby giving him 
an opportunity for the development of motor imagery. This 
set of experiments was compared in each sitting with a “visual” 
and “association” set. The time allowed for each experiment 
was that which sufficed for the subject to trace five figures, 
which varied from 10 to 13 seconds, with the three subjects. 
Each subject, however, had for visualization and association the 
time that allowed him to trace comfortably the five figures. 
The order in which the experiments are printed is that of the 
experiment. 


Subject Be. 


Aug. 24, 1908. 


Visual. 

Motor. 

1.0 

3.0 

1.5 

3.5 

0.5 

3.0 

3.1 

2.6 

2.6 

1.1 

1.1 

2.6 


Association. 

4.0 

3.5 

3.5 

3.5 
3.1 

3.6 


6) 9.8 
1.6 


6)15.8 

2.6 


6)21.2 

3.5 
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Sept. 28,1908. 


Association* 

Visual. 

Motor. 

3.5 

2,0 

2,5 

8.0 

1.6 

3.0 

5*0 

10 

1.1 

8.5 

1.5 

1.0 

2.0 

2.1 

3,0 

2.0 

1.1 

1.0 

3.6 

10 

3*0 

7)22.6 

7)12,3 

7)14*6 

wmmmmmm 


3.2 

1*7 

2,1 

Oct. 5,1908. 

Motor. 

Association, 

Visual. 

1.6 

3*5 

3.5 

3.0 

4.0 

1,2 

2.6 

4.0 

1,0 

2.0 

3.5 

2,5 

2.6 

3.0 

2*5 

2-0 

3.1 

2,1 



m.mmmmmm 

6)13.7 

«)uu 

6)12. 8 


***** 

, tr 

2.3 

3*5 

2,1 

Oct. 19, 1908. 

Visual, 

AssooUtiott. 

Motor, 

3.0 

2J 

2*5 

1*0 

2,6 

1.5 

2.0 

4,5 

3,5 

2.0 

3,0 

3,0 

2.5 

4.0 

1.0 

2.0 

U 

1.0 

6) 12.5 

6)20,2 

6) 10.5 

2.1 

3.4 

1.7 



I*t i 
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Sept. 17, 1908. 


AMoelfttioa. 

Motor, 

Tiro&L 

4,0 

8,5 

2.0 

2.0 

6,0 

3.0 

4,0 

1.6 

3.5 

5.0 

2.0 

2.0 

5.0 

8.0 

2.0 

5)20.0 

5)16.1 

5)12.5 

4,0 

8.2 

2,5 


Sept. 514, 1908. 


Vku»I. 

Motur, 

Aiiociation, 

3.0 

2.5 

4.0 

2,5 

3,5 

1.5 

3.0 

8,0 

3.1 

8,0 

2.5 

4,0 

l.o 

U> 

3.5 

1.0 

8.0 

2.5 

181 

3.5 

3.5 

2,5 

2,5 

4.0 

8)17,0 

8)20.5 

8)26.1 

2,2 

881 

8.8 


HUIUBCT W*. 


Att#. 27, W08, 



Aiiwkifutsu 

Visual, 

Motor. 

5.0 

4.0 

58) 

4.5 

2.5 

8.5 

2.5 

:u) 

3,1 

4.0 

3.0 

1.5 

3.5 

481 

8,5 

4.5 

2.8 

3.5 

3.6 

2.5 

1.0 

7)27,5 

7)21.5 

7)21,1 

' 3.0 

3.1 

"**8,0 
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Sept. 3, 1908. 


Yisual. 

Motor. 

Association. 

2.0 

4.0 

4.0 

4.0 

1.0 

5.0 

4.0 

3.0 

4.5 

2.5 

2.0 

5.0 

2.0 

2.0 

4.0 

5)14.5 

5)12.0 

5)22.5 

2.9 

2.4 

4.5 


Sept. 10, 1908. 


Motor. 

Association. 

Yisual. 

4.5 

2.5 

4.1 

4.5 

4.5 

3.0 

4.0 

5.0 

3.0 

4.0 

4.1 

4.1 

2.5 

4.0 

1.0 

5)19.5 

5)20.1 

5)15.2 

3.9* 

4.0 

3.0 


Sept. 17, 1908. 



Association. 

Motor. 

Yisual. 

5.0 

3.0 

3.0 

4.0 

4.0 

3.5 

3.5 

0.5 

2.5 

5.0 

3.0 

2.5 

2.5 

3.0 

2.0 

5)20.0 

5)13.5 

5)13.5 

4.0 

2.7 

2.7 

*In this set seven figures 

were recalled by involuntary association. 

Were these excluded the average would be reduced to 2.5. 



1910] 


Moore: The Process of Abstraction. 


151 


Oet. 1, 1908. 


Visual. 

Association. 

Motor. 

4.0 

4.5 

4.0 

2.5 

5.0 

4.0 

3.0 

5.0 

2.5 

2.5 

4.0 

4.0 

1.5 

4.0 

3.0 

5)13.5 

5)22.5 

5)17.5 

2.7 

4.5 

3.5 



Subject Be. 



Table of Averages . 


Association. 

Motor. 

Visual. 

3.5 

2.6 

1.6 

3.2 

2.1 

1.7 

3.5 

2.3 

2.1 

3.4 

1.7 

2.1 

4)13.6 

4) 8.7 

4) 7.5 

3.4 

2.2 

1.9 


A 



Figure 4, showing the relation between memory by association (a) , 
motor (M), and visual (v) imagery for Subject Br. 
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Subject S. 


Table of Averages . 


Association. 

Motor. 

Visual. 

3.8 

2.3 

2.1 

3.9 

2.5 

2.8 

3.5 

2.4 

2.2 

4.0 

3.2 

2.5 

3.3 

2.6 

2.2 

— 

— 

_ 

5)18.5 

5)13.0 

5)11.8 

3.7 

2.6 

2.3 


A 



Figure 5, showing the relation between memory by association ( 4 ), 
motor ( m ) } and visual (v) imagery for Subject S. 


Subject We. 


Table of Averages. 


Association. 

Visual. 

Motor. 

3.9 

3.1 

3.0 

4.5 

2.9 

2.4 

4.0 

3.1 

3.9 

4.0 

2.7 

2.7 

4.5 

2.7 

3.5 

5)20.9 

5)14.5 

5)15.5 

— 

— 

_ 

4.2 

2.9 

3.1 
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A 



Figure 0* showing the mint Ion between memory by umwmthm (\) f 
motor (m), a ml visual (v) imagery for Hub jet* fc Wr. 

Them tables and figures show a decided advantage far 
memory by association aver memory by imagery. They show 
besides that* ho far iih thin advantage In concerned, It mal«*H 
no difference whether the Imagery he visual or motor. In 
motordmngery we realty have motor plus visual* for the subject 
necessarily looks at the figures while tracing them. Ho that 
even the combined efleet of visual and motor imagery eannot 
equal the results obtained by analysing and associating the 
figures. 

f h) Mi nwnj as Ft tided to tin Sa[t(t ore of I he 
Sa rrou adin <j Fi<j u rt s. 

In the process of ahstrnetion one group of sensations after 
another is pereeived by the mind. In eaeh one of these groups 
some eommon element in always contained. The moment ar¬ 
rives when this eommon element heroines separated from those 
that surround it* and approaches the focal point of conscious* 
ness. This is* as we have seen* not an instantaneous net tint a 
process with more or less definite stages* and enn under eimmi* 
stances consume a relatively long time. In the meanwhile one 
group of impressions after another falls upon the mirnl What, 
we may ask, is the effect of these impressions on the subject's 
memory of the eommon element 1 / One might jump to the 
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conclusion that they tend t.» obliterate th<* memory of the 
common element. Stilt, one earned !.<• mm* of thin, off-hand; 
experiments have surprises in store, 

Allied and Harwood found that distractions between a 
normal and eompared stimulus n»t **niy did tod always decrease 
the aeenraey of recognition, hut that at tunes they even in¬ 
creased it.'“ A very different result obtains where it is not a 
question of reeos'ni/.inv’ a stimulus but reproducim; that whieh 
luis previously been learned, I'uder these conditions the effect 
of sensory stimuli lietvvcen the time of memori.inc attd of repro¬ 
duction is to obliterate that whieh the subject bad learned. 
Bigham found" the following average errors under them* 


conditions: 

Bounty mwml 



$ §««. 


SfJ.4 

3i.r 

IC! me. 

5*H 4 h 

;;iy 

3iyi 

30 

ati 

33,» 

11731 


We ntiitht rest upon the results of itiqhnm ami eonelude that 
when a number of new inures are noticed after the perception 
of the common element they wdl tern! to obliterate the memory 
of the common element, The luj«i* of time !*etwoen the first 
and the second perception of th** common element is not. the 
only factor which tends to obliterate the common element. 
Bueceedin*; impressions have a positive tendency to impair the 
subject ’« memory for the miiiii«ii element which has attracted 
his attention, However it e-cno d best not to rest content with 
experiments made under conditions that were not precisely the 
same ns those under which wr studied th** process of abstraction. 
We put the point to an actual test 

The method of experiment was as follows: The subject first 
huW three groups of thpuvx H** was indnieted to fixate a Ktvett 
position in these qrotipi : »■ . id wav i He* first, eouuttmt from 

m AitK"M met H.irw-m t, * 1 !»*i r 4 * ; c-.^i f<, loif.-rcnt tnt»*r 
vats «f Time, Part !." ,«mrf. *<ur» l’> ycW . IS. j.p «.* ?•», Part 
IB, jiji. f.s ?;t, 

«#!* ^ ^ ^3 J; * I, t 1,1 
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left to right, or the second, or the third, etc. After these three 
groups came a fourth exposure. In this there was hut one 
figure, whieh might be in any one of the five positions. After 
tins eame a certain number of groups live, or twenty-one, or 
twenty-one blank spaces according to the nature of the experi¬ 
ment. At the end of eaeh experiment the subjeet \s task was 
to draw the isolated figure of the fourth exposure. 

The reason for varying the distance between the point of 
fixation ami that of the exposure of tin 4 figure warn to reproduce 
that condition of the previous experiments in whieh the subject 
is still unsatisfied with his knowledge about the common element. 
1 first compared the condition of memory after five exposures 
with that after t wenty one. The subjects were rated as in 
the previous experiments on memory, and then an average of 
all experiments was taken. For memory after five exposures 
the general average for the subjects (twenty six experiments) 
was 0.40, For memory after twenty-one exposures the general 
average for three subjects (thirty-one experiments] was 0,!M, 
We thus see that increasing the number of exposures, after the 
perception of a figure, has a tendency to decrease the accuracy 
of the memory, I then compared the condition of memory after 
twenty-one groups of figures had followed the isolated figure 
with the condition when twenty one blank spaces followed the 
isolated figure. The average in the first instance for the subjects 
(twelve experiments) was <M*7. In the second instance the 
average for three subjects (fifteen experiments) was 0,77, The 
perception of new figures seems therefore to have a tendency 
to obliterate the memory of the one already perceived. The 
element of practice, however, has almost doubled the markings, 
so too much reliance cannot la* placed on these preparatory 
experiments, 

It seemed possible to get results more quickly if we had 
a material in which each clement was more homogeneous, One 
figure is so much more at t motive than another and has no many 
more possibilities of association that the clement of chance enters 
in hi obscure the results. Consequently a set of numbers was 
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prepared. In each immher there wen* three digits. In no 
number was the same digit repented. A zero never occurred. 
An arithmetical sequence of the digits was avoided. Such 
numbers sis the following were therefore **1(010(10(1: 112, 120, 123. 
The order of experiments remained the same as in*fore, only 
instead of figures we had numbers consisting of three digits 
each. A comparison was then made between the memory of 
an isolated number after twenty-one blank spaces had followed, 
with that after twenty-one groups of live numbers each had 
been exposed. 

The memory was rated ns either good or had. If the subject 
recalled two or more digits correctly, ins memory of tin* number 
wsas rated good; if he gave less than two digits correctly it was 
rated had. The results are given below. Tin* series with the 
vacant spaces are designated by V, the serins with the twenty- 
one groups of figures are designated by "21." A indicates the 
difference in position between the point of fixation and the 
occurrence of the isolated element. I'nder 1/ is given the rating 
of the subject 's memory good , gi or bad 'be 

Hr MUST t>. 
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In this case a is the number of times the V series was good; & 
is the number of times it was bad; c is the number of times the 
“21” series was good; d the number of times it was bad. 
Accordingly we have 


a 

& 

c 

d 

rg 

Vb 

"21” g 

"21” & 

12 

1 

3 

10 

7 

2 

.1 

7 

7 

4 

5 

5 

26 

7 

9 

22 


r=sin - l/(2 6 ).(22)-l/(7M9j =Q71 
2 j/ (26). (22) +]/ (7). (9) 


Probable error = 


:=±.19 


r= 0.71 ±.19 


(c) Memory as Belated to the Focality of Perception. 

To give some idea of the decrease in the accuracy of the 
memory with the distance of the object from the point of fixation, 
I plotted a curve from the few preparatory experiments of the 
previous section. It happens to be of a smoothness that is not 
warranted by the few experiments and which I believe is some¬ 
what accidental. In spite, however, of some objections that 
can be made to it, its main points represent fairly the decrease 
in the accuracy of the reproduction which is due to extra-foca] 
perception. 

A source of error lies in the fact that some figures have a 
greater attractiveness than others; they become more familial 
to the subjects than the less favored figures. An extra-foca' 
glance is sufficient for the perception of such figures, but not foi 
that of unfamiliar figures. As a result the curve does not fal 
off as steeply as it should. However, it is not without value 
and is therefore given. 

The abscissas in the accompanying cut give the difference 
between the point of fixation and the occurrence of the isolatec 
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figure. The ordinates **ive the average ratings of nummary for 
the corresponding experiments. 



If Ih evident from the ettrve that tin* further u figure b from 
the foeal point of vision when it Ih pereeived the less neeurntety 
it ran lie reprodueed, When if in more than a Minnie npnee 
away from the feral point the aeeurney of reproduction eottt- 
menees suddenly to deerense. 
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4. TliK !’Hi)(*KSS III'’ Ul'H'UlINmuX, 

(it) Annhlsis of ilh I’l.rju rim< nts. 

The experiments that 'are recorded in this section, though 
the last to ho mentioned, were tho first to ho made. Thoy are 
identical in timo amt nature with thus.* recorded under tho 
heading of Perception. The method is thoro fully described. 
It was found necessary to pick out and front under separate 
sections that which our raw material offered to us concerning 
perception and recognition, 

In tho previous soot ions we have followed the process of 
ahstraetion from its initial stage the breaking up of the group, 
--on through the process of perceiving and remembering the 
eommon element, Wo have picked out certain factors which 
favor and retard the memory of the common element, and we 
come now to that mental process hy which the common element 
is known to have been seen before when it is noticed attain in 
the series. This process is that known as recognition. It is 
a process which is distinct and separate both in reason and in 
time from those that we have already described in our analysis 
of abstraction. The breaking up of the group perception and 
memory are more closely related to one another than to recog¬ 
nition, The breakout up of the group is really an initial stage 
of perception, Kverything perceived is remembered more or 
less perfectly for a while. Indeed, the subject ’* memory of 
the tigure is the result of the process of perception, for the 
experiments on memory by imagery and association have shown 
that memory is greatly dependent «m the way in which the 
figure is perceived. Hut the recognition of the future is a dis¬ 
tinct and final staye in the process of abstraction One need 
not make many experiments to prove that a future may he 
perceived without bejmj recognized, This is witnessed, if wit- 
ness he necessary, hy the subjects 1 remarking occasionally that 
early in the experiment they hail noted the figure, which finally 
proved to he the common element, At that time, however, it 
did not occur to them that this figure was the common element. 
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There is indeed nothing remarkable in tins. Hut it is somewhat 
strange that at the dost 4 of tin* experiment subjects would often 
say that thoy had soon the figure clearly, two, thm* or even 
four times before they stopped the apparatus, Three times 
seenunl to he the usual number, Practice, and strict orders not 
to wait, did not stop the oeeurrenee of sueh dilatoriness. This 
wait in it may be dm* to two things: 

{a) Time is required for the suhjeot to resolvt* to stop the 
apparatus. 

{b) It often takes an appreeinble interval for the process of 
recognition to develop. 

Tin* first may be of importance; the latter certainly is. For 
in the course of the delay the subjects seem to have a dawning 
sense that the element in question is the common element, In 
fad it happened once that the series enme to an end while 
the subjectV mind was in this twilight state, He stopped the 
apparatus and then laughed and said; “Why, it just oeettrs 
to me that a figure 1 have in mind was undoubtedly the common 
dement/’ Thera* were several other occurrences of the same 
nature. It seems evident, therefore, that in abstraction there 
is a process of recognition distinct from the hart* perception of 
the common element. Furthermore, thin process of recognition 
may take an appreciable time for development. 

We should expect to find in the proeess of abstraction a two¬ 
fold development, the development of perception and the devel¬ 
opment of recognition, As then* are stages in the process of 
perception so there should be stages in the proeess of recognition. 

What, then, is to be developed ill the process of recognition! 
From the experiments of this section it is evident that recog 
nition involves something that perception does not involve, 
namely* the dement of certainty or uncertainty, (Vrtaiuty 
that; the figure has been seen before is what is dawning upon 
the subject in that state before his mind is fully made up. 

If <h«» process of perception wen* always completed before 
that of reeognition began, our task would be a very simp]! 1 one. 
We should have but to add to the stages of perception the various 
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degrees through whieh the subject gum in arriving at complete 
certainty, the different shades of probability up to unhesitating 
assent. But only by accident is the process of perception com¬ 
plete before recognition begins, What happens is that almost 
any degree of the certainty of recognition may coexist with any 
degree of the perfection of perception. And this we shall 
attempt to bring out in the arrangement of our remit to Mow, 
Three main points are picked out Jit the development of 
certainty; 

The intimation of a common element, At the end of an 

experiment the subjects were asked to give a description of 
their mental state during the experiment The first stage was 
a kind of inkling that a common element might he present. 
This stage 1 have designated as * 1' an Intimation, It is a 
state of very weak probability and is xutitctimcx tine to the 
prexenee of similar figures, A umro advanced stage l have 
designated iih CP Probability, and the limit stage m idP Per- 
taiuty. These divisions of course are arbitrary amt flow into 
each other. 

With this explanation the various headings given below will 
be understood. The numerals in the parentheses show what 
figure was used m flu* common element tn the experiment in 
question,* 3 * This will enable any one to see for himself to what 
extent the imperfection of percept ion was due to the eompfexity 
of tile figure, In Horn** eases Jit least the complexity of the figure 
must have been n minor faetor, Tie- limit .date of full recog¬ 
nition with certainty of the fact amt a perfect Idea of the form 
has not been put down in the following enumeration of the 
stages of recognition. It was the more eosumoit termination of 
the experiments ami occurred with ail subjects 

In order to give a more complete ohm of the subject *x mind 
his remarks have Mm oecoxiunidiy f rmmeriMt mid referred to 
by indices at the right of the numbers whieh designate the 
common element of the ex|ii*riiiit*iil, These remarks of the 
subjects, better than any description, give an ohm of the course 
of development. 
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It required anywhere from about five to twenty-five exposures 
for the subject to find the common element. During all these 
exposures the proeess of abstraction was in a state of growth 
and development. Its stages were at first ascertained only by 
the subject \s memory of what occurred daring the experiment. 
Would it not be possible to get a direct observation of these 
stages by euttmg the experiment short, thus giving fewer ex¬ 
posures than the subject ordinarily required? At the end of 
the experiment tin 4 subject would not have finished the proeess 
of abstraction; he would not. have to recall as well as he could 
by memory the stages hi* had noticed in the development of 
complete certainty, lie would simply have to describe by direct 
introHpeetion his state of mind which would be, at the very 
moment, in some one of those stages of development. 

Simple as the experiment seemed, it was most tantalizing to 
carry out, Sometimes the subject arrived at complete certainty 
before the shortened series came to an end. Sometimes the 
process of abstraction seemed not to have commenced at all* 
and the subject's mind was hi a state of negative doubt, 1 * 1 By 
persistent effort, however, the various stages were confirmed, 
not all, however, with alt subjects, The time necessary for this 
would have been excessive. However, n sufficient number of 
confirmations of the previous results of memory were obtained 
to make it evident that the stages of development so obtained 
were no delusions tint states of mind that actually occurred, 
These confirmatory experiments are noted under the same 
division as the prevhum ones wherever they were obtained. The 
words M confirmed by precede the mtmliers that refer to the 
common element of the shortened series. 

*« By negative I fiiean ti state «f mind is which the subject known 

of no evidence either fur nr t$ gainst. ?t pro$*orit*on, In fhm ease the propm 
nititm would he; h common element is present on this disk. ^ Positive 
doubt would occur if one were move* I t*t}uftily by the known evidence for 
and that ngaiieit n given proposition, 












104 rnivn\<ihj of (%th(**niy,t t'tthliatlions in 1 Voi, % 


Thr Sttnj'\* f 1 / 

hfiutuT Hk. 

I, Ait iiiliiintli^ti «f it immutMit oiKttoiti* without any kmtwlodgt* of its 

form* 

\U IM III, ID <7, m \IK UK {UK ID \i( 13) or, til MU, HKik 

ID. 

IL Lrntatolify that 4 t**iinmoit Moment in |»roionf, but tut imftorfoel Ittoa 
of tl» form. 

(3. ID»H7> UK 

Mmtirmod by lMl V£) (A il l I, SM. 

* kitrw *1 §?*$ lli*l ». tJitrt«i ifttr* won |ir»*i*til#ii 

IIL ProbubilUy time a cmramott * 1 * itatl it Inti Ii#» of 

it* form. 

C*ciiflrw«l by (15, 16) (Ul, mi 

IV* C^riJititf) that » vmmhm Mrnuout n Imt m ti«|^rfoft him 

of It# form* 

(UK 111* \ Uu Wii U\ Mi UK UL UK 1 I, IMS tL\ UK <H, 13) 

(% ll)* 

* WiiKwi r. 4 it*I tt 4 45 'AW tniuiv >\% 4 ?t I ot mm rorlftln ituit ft 

r4«tiir||| V<m f«On»*og 

| #m rririifft fJuS nh* ft pom -u-t** <n»*4 * 0**.4 4 Utm* t mmI lltal It 

warn «»it *jtsp at tlw Apt to 

| yuritrt tlw twiitgit «f iliti Agnt*, tml wm* #M« §« Hn4 11 lit tfe« tiWNt of 

Spitm 

Kwiotitm of ftio mi!y*n‘t in tltnlnt with no <>nmm«*u olotuout: 

ill ,\iif w«rnntt of :%u} t’foiiiiiiHit Momoof I Mil bo droit 4 figure wltklt 
might fi0?l«tfn turn* fiom Il mm lift amalgamation of wavantf 

Bttttilitr tigttm wlitrlt Ii4»l m*vowM fi-r d?*‘ . 

(i) NVgttUv* liotibf, 

(II| NrgHtivo dottbf, 

(I) NoffiitH-o tlptiltf, 

(5) Nogafno doubt, 

(fi) I lit* 1 1 tiat 4011 to Mo.vo tlm* no v^mmun mm |«ro**ttL 

(7) Wry If for#«o| »,, ^nni into *<r tho ntlmr would 

ifty Umt it foiiitii^ii olftitira mm 

{H) Mort* |»r«I#al4y no riomouf mm 

CH) Krokitilf it ooittftHti rlooiofii mm 4row iu tit# 

a tlgtifo wlnrlt wn -4 4 »«f Hv»* n#«n$l»r tigitws 

that otantrrod wit Ihm* 

(ld| IVrlmin u mmmtm mm 
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Hiuukot Be.. 

1. An intimation of a common element, without any knowledge of its 

form. 

(7, 10H15* 11) <17, 18)*'(17, 7k 

(Confirmed in two entuw, hut neglected to note what figure was nmnl) 

* Hubjcct mUl ho wwt wrtfiln that fur * time ho knew a common 

dement wits pmomt, Whitt this common element wn« remained aubetmiuooutu 

IL Probability that a common element m pre«ent t but an imperfect idea 
of ita form, 

(4, U)*’(Uh 7)t'(17 # 10). 

Confirmed by (m 9k 

* ThowKht for a flaw that a dark spot would turn out to t»e the fomwon 

element, m indeed it artunUy did, 

f The tmbjeet w«t at tot niiifii’itms of a rlrntdy flake, which afterwards 
cleared up. 

IIL Certainty that a common element h present, but an imperfect idea 
of its form, 

(5, 12) # (Hi, 6)f (Ik 10) (H, 10) (tfl, 0) (10, 7) (9, 11), 

Confirmed by (7, 12 k 

* The mihjeet felt cmmCoiM ut 14 difference in the of the iUsureti* tool 

dnmtifird them otto larg** mol M n certain period in the v%pmmmt 

In* ktmw thnt the common element wan not one of the Ittritor fl«g«re*t ( 

f Tlio mihjeet knew f«*r n time that the e»*mmon element wm n»*me Mnd of 
tin unplewmut un«>mwcU'ie*t %uro, 

tttwtion of tin* mtbjeef t<> disk* with tm wimmtrn Yemeni: 

(1) Hubject stopped the apparatus after twenty four expositions nmt 
Haicl that ho noticed no easing of bin task nn ttio experiment proceeded, 
Whoa a common element in present ho notices that the proceim of por 
<*option becomes earner a» tlio experiment proceeds, 

( 2 ) Nothing noted, 

(8) No thing noted. 

(4) Not certain that, no common element wnti present. 

(fi) Not quite cor tain that no ooiiinmn element mm present 
((1) Almost certain that no common ideraent wnti present 

(7) More probably uo common element present* 

(8) Absolute intlecimom 

(9) Indeterminate, 

lb 

l. An intimaUim of a eumnu.it element, without any kuuwlmlgo ot its 

form. 

This at age wien not found with thin subject. 
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XL Probability that a common element h present, but an imperfect idea 
of its form. 

(ui t m<UK ioV{X m\ ih im ex mi a o«> «v 

* Wondered for » time wticfbr or not » 14 nr ml ilgurr wn\ out of f«u*»i 
vision was jernttg to turn toil to be the commou clement 

t Hu him could deaeritw the t\m re m *>muietric<ftt attd oval at mw end anti 
mm nhe had a visual show* of it; hut knew that thus visual image w»* 

taoorreet. 

| IVtdmbly a funny tittle ttauro mmol at one mid* with too* line ruining 
to a point. 

11L Certainty that a eimintott element U present, but an imperfect idea 
of its form. 

(io, ra> (uk io) (Uu Pi) (JX *v 

Reaction of tilt 1 Btihjoef to ttinkn with no common element; 

(1) Nut sure Hint no common element wan present 

(2) Possibly a tall, slender figure wiih Hie common element, 

(3) Blight probability of a common element, 

(4) Thinks no common element was present, 

BriutU't list, 

I. An intimation of a common element, wit butt an> knowledge of its 

form. 

(13, 16)*-(Hk 16) (IX ID HX vn DX U> U7» lft|f <«, Vi) (Id, 13). 

(4* 13) (17, 10) t (17, Uib( lib VIV 
Confirmed by (7, 13 'V 

* At etui of *t*|»crifnMtt Muhiret *b*w figure and »$*id he wm perfectly 
certain that it wan tie* c»*mft*en «<lwtii*uii bong t»«IW# he arrived at certainty 
he had a vague Mim that awiie kind of » r,*m«om element w*« prcueat, 
hater He knew that It mm Hying mg post tom. 

f **Ztti*rnt cm uttMtunint** fbfalil olum object, achr vug/* 

{ At first a general probabbO 

j{ "tncriwriitir Ming of probability, *oh‘>ut content*,” mm m curly §t«p 
in fltw experiment. 

1L Probability that it common clement is present * but an imperfect Idea 
of its form, 

(15, U)M4, IB)Hit, ID, 

Confirm** liy (15, IS). 

* Thu »til»!iti'i tiii i» ft«! * Mini that pmlrnWy i tiffeii ipif* mm flit 
iotnaon nlncxknnt, 

f A Ming tbit tlm mmmtm et*iii«il might it# § ifpr* limit** by itr»i|M 

Unit. 

Ill, Probability tint n common element iw present, and a true idea of 

it* form. 

This ttfttgo wan found with subject Hr iff ftio i#rie» ttf iscifiirfiiitlcii 

ixporimentg will {16, 14),* 

* Ttw image of the figure came in him mU sutler ili» oprruttrnft mm nwr. 
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X\ r t Certainty that a common element is present, hut an imperfect idea 
of its form. 

(8, 13)-(M, 12) ’(10, 0)-(tr» t 12) d, IT, 11), 

Reaction of the subject to disks with no roiuumu element : 

(1) Cneoriuiniy, 

(2) Complete uncertainty. 

(2) Thinks no common element present, 

(I) In first part of experiment n very weak feeling of probability 
that a common element was present. 1 Hiring about three fourths of the 
experiment, an ever increasing probability that no common element wan 
present, 

(5) Certainty after 22 expositions that no common element was 

present, 

(II) Very probably no common element, 


HuiwniT Vo, 

I, An intimation of a common element, without any knowledge of its 
form, 

(8, 12) III, 12) (12, 12) HI 12) <», 13) (8, Id)* (VX 14) (10* 12), 

* There wm ii ftrwt stage ut vague pr**lmtullfy followed by ft blank, and 
then » rifting prtdmtotdy amnuptoiied at tlmt by no dottmte image, 

U. Probability that a common element in present, but an imperfect idea 
of ltd form, 

(14, 10)* (H, imi (12, WiiUK 12) (7, 12)J 

* *Thwo was » time when 1 thought to mjmetf, ’It iu a pointed “ 

f *\m dr«t I thought »*i open kind «f tom* would be prmmOC* 

| There wiw a than when n strung probability attached Itonll to mane kind 
of a figure with an angle rut out, 

III, Probability that a common element m present, and a true idea of 

its form, 

(12, 13H2 t 18)* (4, 12) {H, U) (1, 13), 

4 “There w m a clearly marked ported of doubt during which f thought 
that a tmitgukr figure wan being repented,** 

IV, Certainty that ft common element is present, but an imperfect; idea 

of its form* 

(4» 9).* 

* “For ii part of thU ti*p*u-imout I know a figure wn» being repeated, but 
1 could not rnteU lb 1 had very little or to* idea of its form “ 

Reaefioo of the subject to disk* with no eomtittm element: 

(!) A weak probnbility that some kind of a common element is 
present. 
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(2) A faint probability of a common clement with cut-out angles, 
(A confmdon of wvetal figures A 
(tl) Faint probability of a common element. 

(4) Bnw nothing, 

(fi) Very alight probability of a common element, 

(t\) Bure that no common element was present, 

(T) Very weak probability of a common element, 

(8) Negative doubt. 

(fi) Negative doubt. 

(10) Probably no common element present 

( 11 ) Probably no common element present 


Hvmmn* It 


1, An intimation of n common element present, without any knowledges 
of it® form* 

This stage mm not to be found with this subject, 

If, Probability that a common element is present, but an imperfect idea 
of it® form, 

(12, 14)*d2, 6!»' {Ill U) i13. tfil, 

* Th*< idea of wMtffimitf fife* it heart earn** %lwn the ttimnlit that It 

wie? different fr*«m a h*\*rt. 
f Netiml at tlivu tti« miter 

HI. Probability that a common element is present, and a true idea of 
its form. 

(«. 10 ). 

IV. Certainty that a common ohmiont i* pfmmi, but m imperfect idea 

of iti form. 


(13, 12)M14» 11) U, Ml 12, «1 V4, V4\l 

• Hiitocri die ipfarrtdH before «Iie way *nrr of the form. There 

wm h tune in I ho iwoerctieoi when the »tui>|eei bttew tbit antae Ilgam wi 
lieifijg repented* hut del e *4 knew jn*t w hnt #»ne if, 

f tfnw figure ilirm iw**‘*t, On iir*‘nttil ttht* kmm that tilt IfttM 

hid t»I»ti «ii tliit waa alt. 


R<*itOitm of tin* Hubjwt to disks with no fontimm elomeitt: 


(!) Nothing noted, 

(2) No Intimation of 1 comm on element, 

(I) Probably it common element repented. 

(4) Negative doubt, 

(5) Think* no common element present, 

(!) Aim nut mire Hint no common element was present, 
(7) Thiiilw no common element present. 
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MtUUKOT W, 

I, An intimation of a common element, without any knowledge of its 

form. 

(2, 13)-(i:t, 3)-(4, 12)* (17, 131 (17, 12)f-(17, 13).t 
Confirmed liy (12, IS) (2, (51. 

* Hubjurt »w stmmuhin# itM jmsithm brfuru ht* tnmlU maku out 

its 

f Huhjort wan of a <v*mm»n utmusit all ahmf?, hut tlitl m>t know 

what it win*. 

| Hubjrcf fuuit hu wan mmnduun t*f a rtomnoii rlummU Mum thorn “rually 
wn« nnu pruiwut." 

II, Probability that it common element is hut an imperfect ultrn 

of itM form, 

( 8 , 12 ), 

Pontirmeti hv (lo, 12 ),* 

* Hnbjuct thinks that n ubtuntt **f angular form was probably ttw 

rnpuafml tigum 

III, Probability thut u common element. In present* ami a into idea of 

lt» form* 

(4, 13), 

IV, (Vrtmnty that it common element m present, huf nit imperfect him 

of lt» form* 

(«, 10) (12, HI lib iU 11, 131, 

Fwdirmetl by (II, 131 * til, II),t 

* 8uhj*"’t Unit Pw imh&u fbmlwl away very nifiutlv, 

f Hu hj»**u haw a nnimlrU fiitui; getting two imintn a ml fei***w that It wm* 

repeated, At rml ut r%tm tiiirut tiorl* ftpuaure) l»« rn«hl mi Uraw it, He 
Inoi a *'fVrl»«g that it wni thure brfmrr he mw it,'* 

Reaction of the subject ft» dinks with no common element: 

(1) Hoes nothing, 

(2) Thinks none absolutely alike. 

(3) Negative doubt, 

HtiUhrT ?u 

I, An intimation of n common element, without any knowledge of itn 

form* 

(k m* mi, id is ui) i k mi nu us mi cm id uk nihil 

Fonfirmed by (US, W) lit two different eitprrimentfi, 

* At tir«l if mnntml t« tH* if a rummon pUmwnl was $#r#ii*iti 

Thun It** lunkud heft* it mi tu find if 

t At Ural there wm mi »h»tm**l fWbng of smurf lung nmimmo 

I Pi rut luitml »i(«mt*thiii{f rtimmtm and m»w. 

II Al find lhum wu» an imbdUntn nfiw*n*m»uwi» of mnwikiun rnpeatbuy 
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II. Certainty that a common element is present, without any knowledge 
of it* form. 

(3, U), 

lit. Probability that a common element e« present, but an imperfect idea 
of it* form. 

This stage is not to bn found in the records of thi.« subject. 

IV, I’robabilit.v that a common element is present, and a true idea of its 

form, 

(2, 18) (S, 18H10, 10). 

t’onfirmod by U«. 13) «»• 

V, Certainty that a figure is Mug repeated, but an imperfect idea of its 

form. 

(7, 185-C13, 11)* ■{ 17, 14). 

* initial Inii'W ituml III* mmmmm hid •♦iiiitlliirii round to lilt 

The following .dworvutiotw of this subject arc interesting: 

(a) “There is no time to compare otto figure with another, 
or oi»* impression with a previous impression, 

(ft) Wh*m a figure was used jw a common element which the 
Huhjtmt had not writ t*eiWe, it generally happened that at Hint 
he noticed something new and then a special figure, 

(,.) The perception of th*- common element hax a tendency 
to obliterate the images of the other figures. Before perceiving 
the common element iu common, the images of several figures 
that have just passed by tloat alsmt in the mind. When the 
common element is perceived in such, they vanish at onee. 

Keaetion of the subject, to disk* with no common element: 

(i) Ktup* sppiraltw lifter nine eapwoMires, and *ay* h® i* p#rf#otly 
certain that no figure in repeated >n each group, 

(3) After mne expo mre* tb>« subject «,»•« certain that no common 
eUrnent was present, 

(3) Hubjeet thinks that a figure it, Hi might |i.,ro*jt,ty have been 
repented, tie drew it correctly along wit ft another figure; which two 
figures were drawn when he was requeued to reproduce everything he 
could rememtmr as having t»ee« seen. Tin* also happened with (17, 18). 

(4) No intimation of any figure having been repented, 

(5) No intimation of any figure having been repealed, 

(«) Think* that there «*« no common element. 
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(7) Stnto of negative doubt, 

(8) Almtmfe certain that no common olomcnt was present, 

(9) Negative doubt. 

(10) Thinks that no common element was present, 

(11) Subject thought sevt'nd times that a common element was 
present Then there came an ever increasing certainty that none was 
present, ami at the end of the series he was certain that there was no 
common element. 

Another interestin'.; stance with this subject is that, in which 
the figure on being first nut iced is recognized as familiar. By 
the word familiar, it is not meant that he had seen it. before on 
other disks hut. that it comes into focal consciousness with a 
peculiar nuance which tells the subject, that this is the commou 
element. It seems that this torn 1 of familiarity (Itvkanntlu'itn- 
qmlitMt) arises from the figure’s being seen lie fore but not 
analyzed out; from the other figures. 

The subject; whose results are about, to be recounted could 
give by introspection at the end of the experiment no infor¬ 
mation at all about the development, of the mental process 
he had just experienced. When later on in the semester 
I commenced to confirm the results of self-observation, 1 tried 
the same method with this subject. 1 cut the experiment short 
after he had seen fifteen groups of figures anti then asked him 
simply: * 4 What do you think! Is there a common element, 
present or nut? A re you certain or merely inclined more or 
less to think that; you see a common element? Draw what you 
remember!’* In this way was obtained what the subject’s 
introspective memory failed to reveal, dross-sect ions were 
obtained in the course of development- ami fixed before they 
could fade from memory. 

HlfBJKiT U, 

I. An intimation of a common clement, without any knowledge of its 

form. 

<8, 12) (7, 13) (10, 8) (10, 12). 

II. Probability that a common clement Is present, but an imperfect idea 

of its form, 

(2, 0) (17, 15) (10, 13) ( t, 8) (2, 12), 
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HI. Probability that a common dement i* present, ami a true idea of its 

form. 

Thin ataga wa» mt found with this aubjtvt* 

IV. Certainty that a common dement is present, but an imperfect idea 
of itH form. 

(H>, 7)-(4, lOMUi. S' 1 * < r> ' 01 - 

» Certain only that tic had seen the "two *><•«" recur. 

RetidUm of the mibjeet to ilwkn with no common element: 

(1) No idea of any common dement »t the end of the experiment. 

(O) No idea of any common dement at the end of the experiment. 

(3) Complete uncertainty at end of experiment. 

(-1) No idea of any common dement at the end of the experiment. 

(5) No eomnmn element noted. 

(b) Interpretation of the Ut suits. 

(i) Tttr. IMMnnt vit Kxewttwr.NT.u. CnNei.mmiNii. 

When wt* luck at these results it ImeumeN at imee apparent 
that an vlrnwnt of oortamty him! imerrtJunty in involved in the 

prot’OSH (if rmitfUlHon. It VIO ll.sll uUfSoKoS % fiat tilts IttOHtlS 
wk muni Hity that whouovor fh<* miiid w rorfuin (it anything* 
it iwHHitB; and whottrvrf wo havt* ntt assmif \\r huvo an art ot 
judgment, On** of tin* immodinto ompirmnl oomdusums (d our 
rewdtn may b* atatwl tlnw; Th* proma of rrvotjndhn involves 
(Vi drnunl of vertmnhj or una rtnintfh 

Krom thin wo may mtidudo: That th* 1 proves# of rrvotjndion 
involves a judgment or u susjn tided judiftn* nt . For whutwvor 
l am wrtnin I ammt; and wlwinwor my niiiid ih in n stab of 
nneortfdnty* unsold in suMjmmtwh In fho «»m* oaso f* in a 
judgment; in tho othm% jmbmoid is sitspombd, It m not 
niwssfiry that this judummd should ho formuhtbd in so many 
words. In im% on** may vwrturo to say that in most vm* of 
porfVot rooogititiou thoro is no vorhal tonuulutiou of tho judK* 
moot at all ; hut tin* fmyohologbat not of judging is novortMm 
really ami truly projwnt* 

Thu proHonoo of a jiidumont in flu* not of recognition pruvo# 
that tho net of pmwption wfimh do§«s not iuvnhv a judgment m 
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an essentially different, and less buddy developed mental state. 
Recognition is indeed a perception, and over and above this a 
judgment is passed upon the perception. This judgment, in¬ 
volves the statement- that what is now perceived has been per¬ 
ceived before. If recognition is incomplete the judgment hangs 
in suspense and cannot be definitely passed. 

In the further study of recognition we have only to ask our¬ 
selves, what is the basis of this judgment'.; Do the experiments 
help us out ? 

If we run through the results we will tiud that any decree 
of certainty may be accompanied by any decree ol the perfection 
of perception. A person can be certain that, a figure was re¬ 
peated and have a perfect image of tin* figure, or an imperfect 
image, or no image at all. A second empirical conclusion may 
he stated thus: Assured reeoijnilion is not dependent upon per¬ 
fect perception. And why this statement’! Himpiy because it 
is an empirical fact that assured recognition can exist with a 
verv imperfect perception, a perception that is so imperfect 
that it involves no mental image whatsoever.’•' 

While indeed we have not, found out, as yet, on what the 
judgment of recognition depends, we have at least discovered 
something oil whieh it does not depend, And that is the mental 
image. This sufliecs finally to dispose of one theory of recog¬ 
nition, now generally rejeeted hy psyehologisls the theory, 
namely, that, reeoguitiou is brought, about by the comparison 
of the present sensation with a revived mental image. Identity 
being perceived, the object seen is then recognized. That- Hindi 
a comparison of images is unnecessary appears from the ex¬ 
periments. Why 1 Because recognition takes place not. only 
when there is no revived mental image of the past perception, 
hut, when the present perception itself is too import eel to leave 
any trace of mental imagery in the mind. Recognition, how¬ 
ever, may take place hy a comparison of mental images, In 
general the rapidity of succeeding impressions made this an 
impossible, or at least a very awkward, process. It once hap- 

iT<'f. nlsu above, j«ji. Ul-t mi. 
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pened, however, that a subject reported that she had used just 
this method in arriving at certainty of recognition. On thinking 
that she had seen a certain figure twice, she tried to call up 
the previous image that she had in mind as identical with the 
figure just seen, and institute a comparison between the two 
images. However we must note that recognition was already 
in the probable stage when this was done. And the comparison 
that was attempted was after all only an auxiliary method. 

The comparison of images, therefore, may come in as an aid, 
but it is not necessary to recognition nor is it the normal method. 
One might object to the use of the word ‘normal’ here as 
carrying us beyond the limits of legitimate deduction, Was 
not the rapidity with which the exposures succeeded one another 
expressly chosen to exclude the possibility of comparing mental 
images ? That is true, and our experiments prove only that the 
comparison of mental images is not necessary in the process of 
recognition. As to its being the normal method, we can from 
our own experiments only conjecture. But there are other 
experiments along this line. I refer to those on the recognition 
of the identity of time intervals, tones, etc. When a subject 
listens to two raps separated by a short interval, and then, after 
a period of waiting, hears two more raps, how is it that he 
recognizes that the second two raps mark off an interval of 
time equal to that of the first? Does he really compare some 
kind of mental images of the two time intervals? It would 
seem from the experimental research on this point, that he 
does not . 18 

Professor Prank Angell has made it abundantly clear that 
the recognition of tones does not depend on a comparison of 
mental images. In his study of the “Discrimination of Clangs 
for Different Intervals of Time,” he arrived at the following 
results: 

“The main conclusion to be drawn from the distraction 
experiments is that judgments of tone discriminations can take 
place, and in the majority of our experiments did take place, 


is Gf. Wundt, Physiologische Psychologies HI, 5, 476-517. 
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without coliseums comparison between the present sensation and 
a memorv-imago of a past sensation. When, for example, a 
reagent, after a long time-interval filled with interesting reading, 
from which he had to be practically aroused by a sharp signal 
in order to prepare himself for the apprehension of the second 
tone, nevertheless delivered a judgment with a finding of con¬ 
siderable security, it is idle to speak of “memory-images” or 
indeed of comparison in tin* ordinary meaning of the word. 
Or when a reagent, after having accurately discriminated six 
pairs of tones, decided with ease that a tone just given is like 
or unlike a tone d vibrations higher or lower sounded 60 seconds 
before, and is correct in these decisions til! times in 100, it is 
evident that the ordinary theories of tone-comparisons need 
readjustment. 

“No more is it explicable on the theory of memory compar¬ 
ison that there should not have been a great increase in doubtful 
judgments in passing from undistracted to distracted discrimi¬ 
nation, or indeed in failures to judge at all, or that the several 
forms of distraetion should not have shown a far greater dif¬ 
ference in effect than was actually the ease.””* 

In the light, tin-n, of our experiments, and also those on the 
recognition of various sensory stimuli, it is not too much to say 
that the comparison of mental images is not the normal method 
of recognition. 

Summing up. then, the emiehmions that we may regard as 
established by the experiments of this section we may state: 

A, The process of recognition involves an element of cer¬ 
tainty or uncertainty. From this follows: 

77m process of recognition involves a judgment or a suspended 

judgment. 

B. Certain recognition is not dependent on perfect percep¬ 
tion. From this it was seen to follow that: 

A comparison of mental images is not necessary to the, process 

of recognition. 

i» Amer. Jtmrn. Psychol, US, HKIO 1901, ji. fib. 
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An empirical fact rather than a conclusion from these exper¬ 
iments is stated in the following proposition: 

Certain recognition can take place without the formation of 
any mental image of the thing that is recognized . 20 

(ii) The Basis of Judgment in Recognition. 

When we are asked to give an account of the real basis of 
judgment in recognition we naturally ask, how is the object that 
is recognized remembered? The factors of memory, one might 
suppose, are active to a large extent in the process of recognition. 
We are naturally concerned with the factors which enabled the 
subjects to memorize the figures used in our experiments which 
represented rather complex conditions. It cannot be taken for 
granted that the basis of recognition is the same for simple 
sensations and complex perceptions. In fact it is rather likely 
that what serves as our cue in one case does not meet the de¬ 
mands of another, that what is the chief basis of recognition 
of a simple tone may become a very minor factor in the recog¬ 
nition of a time-interval. And what is prominent in recog¬ 
nizing a time-interval may become subordinate in the recognition 
of a street or a house as places where one has been before. On 
this account it is desirable to take for experiment such complex 
material as our figures, in order to see if any factors enter into 
the process of recognition that have not been noticed in the 
usual experiments on time-intervals, colors, tones, etc. 

The process by which the figures are remembered should 
give us some clue to the method used in their recognition. In 
the section entitled, 4 'The Factor of Memory in the Process of 
Abstraction” (p. 139), we compared memory by visualization 
and by motor imagery, with memory by association and 
analysis. A marked advantage was found in favor of the 
latter. Memory by association consisted in relating the 
figure to known objects, or analyzing it and thus relating it to 
certain mental categories. These mental categories are the 

20 This conclusion is based in great part upon the experiments given on 
pp. 134 ff. 
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bonds which hold the figure in place and make possible its recall 
when it has left the field of consciousness. In fact, it seems 
that if all the conceptual ties could be cut, or be lacking from 
the beginning, the figure would fade away completely and recall 
would be impossible. We find also that, in the process of per¬ 
ception, the essential element is not the formation of a visual 
image but the relating of the object perceived to one or more 
mental categories. Nor must we regard this relating of the 
impression of an object to its categories as a manipulation of 
separate and distinct psychical entities. It is rather what 
Wundt would call an assimilation. The sensation and the gen¬ 
eral concepts form a psychical compound which differs from 
its elements and is a new mental product. What are the 
elements of this compound? Wundt speaks of the feelings 
involved, especially that of familiarity, the sensation and the 
images to which it is assimilated. But we may question the 
completeness of this analysis. 

There seems to be something that is not included therein 
and that something lies in the mental categories that couple thej 
perception of the object to the train of memory. These, the! 
essential elements of assimilation in perception, are also the 
elements par excellence of recognition. An assimilation does 
take place, and on the basis of our experiments on memory and 
the analysis of perception we may venture to say that the chief 
elements of assimilation are the concepts to which the sensations 
are assimilated in the process of perception. When the figure 
is seen it is at once assimilated to certain mental categories; 
it is regarded as made of straight or curved lines; it has elements 
that curve; it is an open or a dark figure; it is symmetrical and 
regular, or just the reverse. These phrases do not stand for 
images that are present; this the cases of recognition without 
imagery prove. But suppose they do so stand; suppose we have 
in recognition an assimilation of a present sensation to a number 
of revived images—of lines, curves, points, etc. Certainly the 
new psychical product should be an image, a product of the 
sensation and the imagery of past experience. But there were 
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cases in which recognition took place without the traee of an 
image. Consequently the assimilation would appear to be of 
elements that are not images. These elements we may speak 
of as mental categories or concepts. The sensation of a figure 
never stands alone. Perhaps no sensation ever does. It is 
related to an appropriate series of concepts. These are not all 
in focal consciousness. Perhaps all remain unanalyzed in the 
background of consciousness until by reflection we consider what 
kind of a figure we have smi. Hut the sensation plus the con¬ 
cepts with which it is associated, these art 1 assimilated and 
constitute a new psychical product. This psychical product is 
what is known as our ‘idea’ of the figure. My subjects have 
sometimes said: “I have an idea of what the figure is, but I 
cannot draw it.” And then after some thought they would 
give a very inadequate description which would relate the figure 
to some concept. On being allowed to look for the figure they 
wotdd find it among tin* entire lot of flgimw that made tip our 
.material. Our ‘idea* of the figure is whatever image may be 
present plus the concepts to which it is assimilated. That which 
is the, chief factor in /» m pi ion, that by which we recall figures, 
■is also that by which we rt cognize them. And this is the figure’s 
series of associated concepts. When a figure is seen tune, some 
kind of an ‘idea’ of the figure is formed it is fitted in to one 
or more mental categories. When it is seen again the new 
percept is assimilated to the old. The old series of associated 
concepts falls in with the new. And in this way, perhaps, is 
produced the tone of familiarity, In tin* process of assimilation 
there is nothing that jars; on the contrary there is a reinforce¬ 
ment at least of some members of the associated train of con¬ 
cepts, New concepts may Is* brought, out, but they fit in with 
the old. Merely similar figures, however, might on a later per¬ 
ception bring out new concepts which would contradict the old 
and thereby destroy the feeling of familiarity and give rise to 
doubt as to the identity of the figures. 

One who is not disposed to give such individuality to the 
concept as distinct from sensation and mental imagery might 
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have recourse, as Wundt does, to the feelings. When we find 
no image in the process of recognition we must not jump to a 
conclusion that a concept distinct from our mental imagery is 
present. There are the feelings to be taken into consideration. 
Perhaps these mental categories are groups of feelings and not 
a class of mental states by themselves. The examination of this 
point leads us to our next chapter, in which we analyze the 
product of abstraction. 
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IV. 

THE PEODTJCT OP THE PEOCESS OP ABSTEACTION. 

In onr analysis of the process by which an abstraction is 
formed, we have necessarily learned something about the final 
product. We have watched the growth of a complex mental 
state and must necessarily know something about that mental 
state in its final stage. Are there any evident elements in the 
final product of abstraction that we may regard as facts of 
experience? Yes. Our experiments have revealed some to 
which we called attention in our section on the process of per¬ 
ception. From the results of that section, confirmed as they 
are by the succeeding chapters, there are two important facts 
that were abundantly evident. 

(a) There exist imageless mental contents representative of 
a visible object. Our own experiments are not the only evidence 
on this point. A reference to the history of the problem 1 will 
show that a number of psychologists have determined the ex¬ 
istence of various kinds of imageless mental contents. The 
consensus of evidence is such that ‘ thoughts 5 without imagery 
must be looked upon as established mental facts. And when 
we take perception to mean the result of the process of per¬ 
ception, our experiments show conclusively that we can have 
a perception of a visible object in which there is no visual 
imagery. Our idea of that visual object is therefore not a 
mental picture, although under such conditions as obtained in 
our experiments we should expect, if at all, to find visual im¬ 
agery constantly developed. 

1 Without, however, making any assumption as to the nature 
of these imageless mental contents we may regard their existence 
as an established fact. They are the essential elements in the 
product of perception and abstraction. The existence of any 


iCf. pp. 76 ff. 
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kind of mental imagery in the complex product is not essential. 
Imageless mental content and not imagery is therefore the true 
product of abstraction. 

The second fact of experiment is this: (6) Perception is a 
process of assimilating the data of sense experience to their 
appropriate mental categories . By this assimilation the object 
is perceived. The word category is not here taken in any pre¬ 
conceived sense. It is a fact that in perceiving a figure the 
earlier stages were designated as a knowledge that the figure 
was ‘‘pointed’’ or “open” or “round” or “had the top lines 
crossed,” etc. These expressions are examples of what I mean 
here by categories. It is a fact, too, that these expressions were 
not descriptions of mental images. The figures, however, had 
been seen with the eyes, and in perceiving them they were inter¬ 
preted in terms of the previous knowledge of the subject. This 
I have expressed by saying that the figures were assimilated 
to appropriate mental categories. So far this is all that I mean 
by the word category. 

Let us now ask, what are these mental categories in terms 
of our modern psychological terminology? A current psycho¬ 
logical division of our mental states leaves room for nothing but 
(a) sensations and their images, (6) feelings, and (c) will, which 
by some psychologists is explained in terms of feeling. To 
these states and combinations of them many psychologists have 
attempted to reduce our mental processes. "We may now ask 
ourselves to which of these classes do the mental categories of 
perception belong? 

(1) Do they belong to the class of sensations and images? 

The ‘mental categories’ are not, of course, sensations, and we 
have already shown that they can not be directly interpreted 
as images, because they exist without imagery. Dr. Ach, how¬ 
ever, has a theory 2 by which they might be the combined effect 
of many images. They are not images but the tendencies of a 
whole host of images to reproduce themselves. This theory 
was excogitated to explain the meaning of words. A word is 

2 Cf. above, p. 86. 
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understood because it sets a number of images in readiness, 
all of which, have a tendency to reproduce themselves. This 
tendency of the images to reproduce themselves is the meaning 
of the word. 

Against this as a theory of the meaning of words one may 
object: 

(a) If a single image can not constitute a meaning it is hard 
to see how the tendency of a whole host of meaningless images 
to come into consciousness would constitute a meaning. 

(b) If we refer to the section in the experiments of Biihler 3 
entitled “Ueber das Auffassen von Gedanken” we will see that 
the 'mental categories’ which were used by his subjects in the 
understanding of sentences cannot be analyzed into any known 
form of mental imagery. 

(c) Furthermore, words express objects for which we can 
have no adequate imagery. How then can the mere tendency 
of this inadequate imagery to reproduce itself constitute the 
meaning of the word? 

The same objections which prevent our acceptance of Ach’s 
theory as an explanation of the meaning of words preclude its 
application to the 'mental categories’ of our own experiments. 

It would explain meaning by the tendency of meaningless 
mental contents to reproduce themselves; for pure sensation 
independent of its associations has no meaning; neither has an 
image. It must be associated with other mental states to be 
understood. If these mental states are themselves but a host 
of images, each one of which has no significance in itself, from 
their combinations we can not bring about meaning. Nor can 
this tendency to appear in consciousness be said to constitute 
meaning. For the mere tendency of meaningless mental states 
to appear in consciousness would give no meaning that was not 
in these states themselves. 

One might challenge the statement that pure sensations or 
mental images independent of their associations have no 
meaning. Let us therefore develop this point a little further. 


3 Archiv fur die ges. Psychol., 12, pp. 12 ff. 
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Whatever may be our theory, it is a fact that a complex of 
sensations on being received into the mind is interpreted. This 
is evident from our section on perception. The interpretation 
takes place by means of the something that we may term c mental 
categories/ to which the sensation is associated. These give 
it a meaning. But suppose the sensation is not assimilated to 
these mental categories? Is this not merely to say that it is 
not understood and has no meaning? What is left to meaning 
when you deprive it of every possible association and every 
mental category into which it might be resolved? It dwindles 
to nothing and ceases to be meaning. 

These mental categories possess meaning by their own right 
and are qualitatively distinct from sensations and images. 

One might bring in at this point Ribot’s ‘intentional’ theory 
of the mental image. 4 Sensations and mental images are signs 
of their objects. But as we said in our passing criticism of 
Ribot, if the mental image is a sign of the object that it repre¬ 
sents, it must be understood. On one side of the sign is the 
object signified, on the other is the meaning of the sign. If 
the mental image is a sign it must not only have an object but 
also a meaning. Consequently, to say that the image is a sign 
does not help us to get along without any kind of an idea or 
concept which functions as a meaning. If, therefore, by acting 
as a sign sensations and mental images cannot account for 
meaning, if they themselves are not the meaning, we must seek 
for meaning elsewhere than in sensations and their mental 
images. 

However, if we could take Dr. Ach’s “Vorstellung” in the 
sense of a mental ‘concept with meaning’ we have in the theory 
a good analysis of a number of those states which Marbe and 
his followers have termed “Bewusstseinslagen.” 5 They are 
mental states in which several concepts tend to appear in con¬ 
sciousness—but no one succeeds in doing so. As a result, you 
have a more or less unanalyzable mental state without definite 


4 Cf. above, pp. 78 ff. 
s Cf. above, p. 85. 
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characteristic. The tendency of the many ' concepts with 
meaning’ to appear in consciousness results in an imageless 
mental content, which is hard to characterize, simply because 
many characteristics tend to come before the mind but no one 
succeeds in doing so. 

(2) Are the * mental categories’ feelings? 

Those who hold to the opinion that feelings of pleasure and 
pain constitute the sole elements of our emotional life will not 
be disposed to seek in these affective states an interpretation of 
our 'mental categories.’ These 'mental categories’ express 
knowledge; and knowledge is not pleasure and pain, though it 
may be pleasurable or painful. Nor does it make any difference 
how we may extend the idea of feeling; if we still mean by it 
something that is not knowledge, then thoughts and 'mental 
categories’ can never be explained in terms of feeling. For 
if the word 'feelings’ remains an exact scientific term to desig¬ 
nate those very mental processes which do not give us knowledge, 
if feeling is opposed to sensation and to all our cognitive mental 
processes, then the 'mental categories’ we have defined above are 
not states of feeling. 

Such considerations as these could hardly have escaped 
Wundt. Yet he would interpret our 'thoughts,’ and I suppose 
what I have termed 'mental categories,’ as a complex of images 
and the "adequate” feelings which are involved. Our 'mental 
categories,’ he claims, are not feelings alone and not images 
alone, but a complex of both. But if imagery is in itself mean¬ 
ingless, if we can have 'thoughts’ which are not images, then 
the representative function of our thoughts and 'mental cate¬ 
gories’ must be performed by the 'feelings.’ No single indi¬ 
vidual can place a limit to the meaning of a term. Thorndike 
calls every single one of our mental processes a 'feeling.’ To 
this even Wundt would object. Still, if he were to insist on 
embracing under the term 'feelings’ the representative con¬ 
tent of our thoughts as well as their affective tone, he should 
at least admit that there are two very distinct classes of feeling 
—one which gives the affective tone and another which repre- 
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sente the ohjeet. Wundt has nowhere made this admission. In 
fact, from his writings if would seem that the representative 
function is ascribed by him to the imagery in the complex 
mental eontenf termed a 'thought/ But on being accused of 
this by Bidder lie strenuously objected that, Bidder had not 
read his works* 1 and maintained that in his analysis of thought 
there was also the concept of the feelings. Consequently, the 
question arises: Do these feelings represent the object or not? 
If not, they can never account for the representative function 
of * thought.’ If they do, then surely we must classify our 
feelings info those that represent an object and those that do 
not; for if is certainly clear that there exists a large el ass of 
feelings which art* not representative of objects. 

If then then* art* 4 feelings* winch ean represent an ohjeet, 
how, we may ask, does this eome about? I low in the absentee 
of imagery, and independent of it, can any combination of 
Wundt \s entire tridimensional system of feelings account for 
the meaning of words and phrases or the mental categories 
formed in the perception of our figures? Pleasure and pain, 
tension and relaxation, excitement and repose, might conceiv¬ 
ably combine to form complex emotions, moods, and a variety 
of non-representative mental states which accompany our pro¬ 
cesses of recognition, abstraction, analysis, etc. But that they 
should take over in their combination a function which is 
qualitatively distinct from any that is inherent in them as 
elements, is an unwarrantable assumption. 

One might bring forward at this point the following objec¬ 
tion ; Your contention that there exist imageless mental contents 
is based in great measure on the experiments in which a common 
element was certainly pemuved, although the subject did not 
at all know precisely what kind of a figure was present But 
to conclude from such experiments that imageless ideas exist 
is not warranted, because the experiments may be explained 
without such nu assumption. These experiments represent those 
cases in which tin* common element was never seen m the focal 
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point of consciousness. But wherever it was perceived, however 
far in the background it might be, it gave rise to certain feelings 
of relaxation and restfulness, perhaps even of pleasure or dis¬ 
pleasure. The peculiar combination of these feelings gave rise 
to the feeling of certainty that a figure was being repeated. 
This feeling had connected with it no visual imagery that the 
subject could recall. From such an analysis it is evident that 
from the lack of mental imagery you can not jump to the 
conclusion that there are imageless concepts. 

Sueh an objection would not be based upon a complete 
analysis of the evidence. The existence of imageless concepts 
is not founded solely upon these rare cases—but also upon 
cases in which the subject was certain of parts of the figure 
that could easily have been drawn had any visual imagery been 
present. The subject described things such as points or curves 
or angles, which certainly could be pictured, but claimed to 
have no picture and could draw nothing that would represent 
his state of mind. Now, points and angles and curves are not 
mere feelings. And if they are present to the mind without 
imagery they are not images. 

Furthermore, in the cases of recognition of figures without 
any knowledge whatsoever of their special nature, it is perfectly 
true that the basis of the subject's judgment to a large extent 
was some combination of feelings such as was mentioned in 
the supposed objection. But we must not forget that the basis 
of a judgment is not the judgment itself. And we must also 
remember that in all these cases there is in the subject's mind 
the abstraction, 4 some kind of a figure' plus the knowledge that 
‘the figure was repeated.' The knowledge expressed by these 
two terms constitutes the judgment, 4 some kind of a figure was 
repeated.' This judgment is not constituted by the feelings 
which evidenced the presence of a figure. It is based upon 
them, but it does not consist in them. It is therefore something 
over and above them. The elements into which this judgment 
can be analyzed are the abstraction ‘some kind of a figure' and 
the knowledge that it ‘was repeated.' 
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Since these elements art 1 nut feelings and are not mental 
images, there is nothin*' left in the current division of elemen¬ 
tary mental processes into which they can bo relegated except 
the acts of will. But certainly we can not place them there. 
We must therefore recognize the existence of another division 
of mental processes to which our thoughts and mental categories 
must be relegated. Consequently in the tinal product; of ab¬ 
straction there is an element, distinct from imagery and feelings. 
This element, since it is the bearer of the meaning, is the kernel 
of the product and it may truly be termed the ‘thought’ or the 
‘concept.’ Imagery anti feeling may duster about this concept; 
but as far as the imagery is concerned it is certainly lacking 
at times, as our experiments have shown. As to feeling, we 
can not say for certain on the basis of our experiments whether 
or not it is necessarily present. 

The concept of the figures in our experiments, though dis¬ 
tinct from imagery and feeling, was not itself an elementary 
process. It was miuiifwtly compound in a number of instances. 
For one and the same fig;ire was assimilated to several mental 
categories It was a concept made up of several more elementary 
concepts. Between the concepts of which it was constituted 
there was a conscious bond. The sensation in lasing assimilated 
picked out its categories by the necessary process of its assimi¬ 
lation and these united to form a concept of the figure which 
the subjw.t was afterwards enabled to analyze with more or less 
completeness. 

If such is the ease one may ask how was the first concept 
formed? Does man come into the world equipped with a whole 
system of mental categories by which he is enabled to perceive 
and understand the things about him? This question leads us 
on into a problem far Iteyoud the limits of the prswent research. 
Our problem has iwen the analysis of the process of abstraction 
in the adult. The process of perception which is the initial 
stage of alistraetion was found to be one of assimilating the 
sensation to previously formed mental categories. Whence 
originated these mental categories, is another problem. These 















188 University of California Publications in Psychology. IT o1 * 1 

mental categories and their function in perception are facts. 
The origin of the mental categories, and the process of perception 
and abstraction in the child, are very different problems from 
our own. But ignorance of child psychology does not destroy 
the facts of adult mental life. 

However, it may not be out of place to suggest a theory as 
to the origin of our mental categories. And this I would do 
as follows: As Kiilpe suggests, 7 the data of sense are perceived. 
There exists something of the nature of an ‘inner sense 5 —a 
central consciousness which perceives the phenomena of the 
external senses. When consciousness first dawns the data of 
external sensations are perceived. Perhaps at first in the auto¬ 
matic life of the child the sensations that are perceived are more 
or less intermittent and vary in their nature. But every time 
a sensation arouses consciousness the child is aware of a change 
in its mental life. At first this change is not interpreted because 
there are as yet no mental categories. Every change is just 
an awareness. The child simply realizes that something has 
happened. And this realization develops into his first mental 
category. As time goes on, experiences multiply and the several 
different kinds of experiences make the child not only aware that 
‘something has happened 5 but that something of a more partic¬ 
ular nature has happened. Something painful, something pleas¬ 
ant—something hot or something cold, etc. In this way he 
forms still further sets of mental categories into which his future 
experience is received. Out of these develop the categories of 
identity and diversity,—when, we do not know; nor is it neces¬ 
sary for us to settle this point here. But by a gradual deter¬ 
mination of the most general of his mental categories—‘some¬ 
thing 5 —his experience grows and is assimilated. The first 
determinations are of very particular experiences. The most 
varied things are given one and the same name, simply because 
he has but a few general concepts and his sensations are assim¬ 
ilated by necessity to whatever categories may have been devel¬ 
oped. The child’s experience—his inner perception of a train 


Bericht u. d. I. Blongress f. exp. Bsychol. in Giessen , 1904 , p. 67. 
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of similar mental events constitute a mental category which is 
his idea of those events. The first mental category, the child’s 
awareness of something, enters though not consciously and ex¬ 
plicitly info all his later concepts. Some of these later ones 
group together, and so on, until under the influence of language 
and education the events of the external world receive their 
interpretation. 
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SUMMARY. 

We are now in a position to summarize the process of ab¬ 
straction as revealed in our experiments. 

1. The process of abstraction is initiated by the breaking up 
of the group presented for perception. In this breaking up 
of the group the common element becomes accentuated at the 
expense of the surrounding elements. These are not merely 
neglected, but are positively cast aside and swept more or less 
completely from the field of consciousness. 

2. This breaking up of the group initiates the process of 
perceiving the common element. This is accomplished by assim¬ 
ilating to known mental categories the sensations perceived. 
Perception proceeds from that which is more general to that 
which is particular. The formation of a reproducible image 
represents a later and unessential stage of perception. 

3. The retention in memory of the figure perceived depends 
in great measure on the method of memory. Memory by 
analysis and association has a very decided advantage over 
memory by imagery. The memory of the figure depends, fur¬ 
thermore, upon the focality of perception. The accuracy of 
memory decreases rapidly with the distance of the figure from 
the focal point in the act of vision by which it was perceived. 
The perception of new groups after a figure has been perceived 
has a tendency to obliterate it from memory. 

4. The recognition of a figure once seen involves an element 
of certainty or uncertainty. Consequently there is implied in 
recognition assent or doubt, and therefore a judgment or a 
suspended judgment. In recognizing a figure any degree of 
certainty of recognition can accompany any degree of perfection 
in the perception of a figure, so that a subject may be certain 
of the repetition of a figure and still may have no knowledge as 
to what manner of figure it was—or the subject may know 
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all about a given figure and simply draw it as remembered, or 
as very doubtfully the common element. 

5. The final product of abstraction, that which is perceived 
as common to many groups, is essentially a concept distinct from 
imagery and feeling. It is not an elementary concept, but 
represents the assimilation of that which is perceived by the 
senses to a more or less complex mental category, or perhaps to 
several such categories. These mental categories may be re¬ 
garded as the results of past experience. 
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APPENDIX I. 


THE INFLUENCE OF ASSOCIATION ON PERCEPTION. 

In the course of the experiments a number of cases occurred 
in which the subject’s drawing of the common element differed 
from the actual figure in such a way that the error was evidently 
due to the association that was reported. Some of these cases 
are given below. The drawings given under the heading “sub¬ 
ject’s drawing” reproduce the essential characters of those made 
by the observer. They are not however exact reproductions 
of his drawings. 

Common Element. 

Subject’s Drawing. 

Association. 

a 

CO 

* 1 Wurst. ’ ’ 

Q 

Q 

Omega. 

n 

The subject drew the 
figure eorreetly at first. 
He then changed his 
mind and drew a sec¬ 
ond figure with a it 
double curve, say- if 
ing that this was more 
correct. He said the 
figure looked like a 
(Laufer ). His second 
figure does in fact re¬ 
semble the bishop in 
some forms of chess¬ 
men. 


Q 

fl 

Mushroom. 

X 

K 

Two half-moons. 


* 

Open scissors. 

o 

6 

Apple. 
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These errors lent! additional evidence, to the theory of per¬ 
ception advanced in the body of this work. The actual imagery 
arising from the figure itself is not the first thing noticed. It 
fits into and is interpreted in the light of the subject’s past 
experience. The association comes into the subject’s mind first, 
lie sees that, and interprets the data of vision in its light before 
the true image is perceived. Had the. series in which these 
errors occurred been sufficiently long there carl be no doubt but 
that the error of assimilation would have been corrected. The 
true image which was constantly being impressed upon the 
retina would have eventually been noticed sis it was in itself. 
But because perception docs not consist in merely seeing with 
one’s eyes but in interpreting the data of the senses, such errors 
as the above are not only pttssible but natural. 
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APPENDIX II. 

UKNKKN' IMAtiKH. 

What looked Iik<» a fusion of mental images occurred twice 
in the course of the experiments. Much fusions are interesting 
in view of the generic image theory of ideas. The tirst case 
was less evidently one of fusion. The disk was inaccurately 
made. The accompanying figure occurred as the common 
element, now in one, now’ in another of the two positions as given. 

(§) ® 

The result was that the two circles were drawn correctly. Just 
what was in the inner one remained doubtful. 

The second case seemed evidently a fusion of mental images. 
It occurred on a disk with no common element. The neeom- 

partying two figures occurred several expositions apart. The 

mibjedr-dmv the common ♦dement, The outline he swrid was 

subject drew /£\ as tin* eommon element. The outline, he 
said was certain, the clotted inner line was doubtful. Hints* the 
two figures appeared several expositions apart then* enn lie no 
question at all of a retinal fusion. The phenomenon must be 
tine hi some central eattse. 

Just such cases as these resemble very elosely those postulated 
by the Huxley Oalton theory of general ideas, The common 
features are deeply impres«e«l and therefore retained; the vari¬ 
able, hut faintly, am! an* neglected. Then* is however a very 
important, difference lietwcen tin* universal it lea anti such 
“generic images,’’ as were found in the entire course of the 
experiments. 

In tin* formation of a general idea th**r«* is a kernel picked 
out as constantly recurring and therefore essential, while that 
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which is variable is neglected and forgotten, or recognized as 
unessential. 

If in our experiments there was any fusion of images at 
alb that which was common was indeed clearly increased,—but 
that which was variable was neither neglected nor forgotten but 
remained obscure and doubtful. 

At all events the extreme rarity of the phenomenon postu¬ 
lated by the Huxley-tiulton theory shows that it cannot be the 
usual way in which we form our concepts,—not even those of 
sensible objects. The analysts of abstraction made possible by 
the experiments points to a process that has little to do with 
composite photography. 


Transmitted December, UKUK 
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IV. The Dependence of Sensory Judgments on Central Conditions 218 

Judgments upon weak stimuli are found to depend in 
part upon central tendencies entirely outside the control of 
tlie experimenter. 

(a) Tlie influence of successive judgments on one another. 

The first of these central factors is the tendency to 
reiterate or to contradict the judgment which has gone 
before, without regard to the ground or validity of either 
the preceding or succeeding judgment. Borne persons tend 
to repeat themselves, others to reverse themselves. 

(&) The influence of surrounding stimuli. 

There is a tendency to assimilate any particular judg¬ 
ment to the form which predominates in the series; in 
other words, a tendency to maintain a fixed proportion 
between the number of positive and negative judgments. 

This tendency results in an apparent lowering of the 
threshold when all the stimuli are much weaker than in 
an earlier series. But under other conditions the same 
tendency may result in an apparent heightening of the 
threshold. Thus it appears that the threshold instead of 
being a fixed quantity, can be raised or lowered at will by 
a judicious selection of the stimuli to be employed in the 
experiment. 

V. The Interpretation of the Threshold of Sensation in View 

of the Disturbing Central Factors . 23( 

An analysis of the threshold of sensation in the in¬ 
dividual cases of the observers taking part in these experi¬ 
ments and in one of Camerer’s. 


VI. A Measure of Sensitivity Proposed as a Substitute for the 

Conventional Threshold . 

As an index of delicacy in sense perception it is pro¬ 
posed to adopt the critical point in the curve of distribu¬ 
tion of judgments, or that intensity of stimulus from which 
a given amount of change produces a maximum change in 
the number of positive judgments. 

VH. Conclusion . 

Appendix I. The taste of distilled water, including an account of a 
direct experiment upon the subject . 


Appendix IL Concerning various modes of applying the taste stim¬ 
ulus, and various determinations of the threshold for salt, 
with an experimental contribution . 


Plates 


.262-268 
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THE JlMXfMKNT OF VERY WEAK SENSORY 


STIMULI 


I 

IisTKimrcTioN 

. I Ik* trim absolute threshohl of sensation occurs vorv fre¬ 
quently in the writings of psychologists, ami it: is generally 
treated as il it were a technical term of precision. But; it has 
appealed to the present writer that the concrete experiences upon 
which the notion oi tho absolute threshohl of sensation is founded 
have received very little consideration, and remain, for the most, 
part:, unanalyzed. The experiences in question are those in which 
a stimulus is presented which is so weak in intensity, or so little 
different in quality from the general background upon which it 
is presented, that (here is some question whether or not it can 
be perceived. 

I he attempt to produce such an experience under expert- 
mental conditions is beset, with serious difficulties. No one is 
over 1 reo 1 rum all sensation, nor is it possible to impress a weak 
stimulus upon a person in the absence oi other sensations which 
resemble the one produced by the stimulus. Hypothetical exeep- 
lions ma> bo found in infancy or in the return of consciousness 
after a period of unconsciousness, but in normal life none of the 
sense-organs is ever so perfectly adapted that it fails to yield some 
sensation. The minimum visible light comes ns a change in a 
field of vision always abounding in sensation. No one ever heard 
a faint sound beginning out of utter stillness; to listen for such 
a sound is to become aware of countless sounds produced both 
within and without the body. The cutaneous senses, as well as 
smell and taste, present the same difficulties only a little less 
obtrusively; I hose senses do reach states of almost perfect, adapta¬ 
tion so long as we do not attend too closely in (heir direction; 
but once we begin to experiment upon them, wo are overwhelmed 
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with sensations which refuse to he eliminated. The least per¬ 
ceptible pressure or pain, or temperature, or smell or taste is 
only a modification of a complex of sensations already present. 

Such being the case, it might be presumed that an examination 
of the conditions determining the threshold of difference would 
cover the case for the absolute threshold as well. There is, how¬ 
ever, a simple and fundamental distinction between the two cases. 
The threshold of difference is found between two stimuli of 
almost the same quality, but differing slightly in intensity. The 
absolute threshold marks a difference of quality within a field 
which does not change appreciably in intensity. The difference- 
threshold is observed only by comparison with a standard sensa¬ 
tion of some kind; the absolute threshold must be observed with¬ 
out the help of such a standard. Moreover, every one who has 
ever investigated the matter knows that the attitude of the ob¬ 
server is radically different in determining the two thresholds. 
When A-ramining an apparently tasteless substance to discover 
whether or not it contains salt (search for the absolute threshold), 
one ignores the relative intensities of such sensations as are clearly 
present, seeking to detect the quality of those which are dimly 
suspected. When concerned with the threshold of difference, the 
observer withdraws his attention from everything else in order 
to apprehend as clearly as he can the relatively conspicuous sen¬ 
sations with which he is directly concerned, and about whose exist¬ 
ence there is not the slightest doubt. 

A fair determination of an absolute threshold depends upon 
the fulfilment of two chief conditions. First, before stimulation 
the sense-organ must be in a state of adaptation to its surround¬ 
ings, and for purposes of practical experimentation it must be 
possible to produce this state of adaptation quickly. Second, it 
must be possible to introduce a relatively simple, familiar, and 
distinct stimulus which can be easily graded quantitatively. 
Under these conditions the expected sensation can be observed 
with a minimum of comparison with other sensations, and with a 
maTimnm 0 f difference in quality between itself and such other 
sensations as are present. 
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Without entering into details, it may ho said that the. sense 
of taste satisfies those conditions as well as any of the other senses. 
It is well known that the organs of taste are almost completely 
adapted when not stimulated by foreign suhstane.es taken into 
the mouth. Only in morbid states of the organism are there 
tastes, sweet, bitter, or sour inot. however, salt), due either to 
some disturbance of the sense-organs or to the presence of unusual 
products in the saliva. None of the other senses is so free from 
subjective sensations and so perfectly passive. The organs of 
taste are sheltered from outside disturbances by the strong sur¬ 
rounding walls of the mouth. They are stimulated from within 
by a fluid of a very uniform consistency and savor, 1 The amount 
of salt constantly present in the saliva is considerable compared 
with the small additional amounts which ean be detected by taste. 
None of the other senses has the benefit of const ant stimulation by 
a uniform irritant. In a word, adaptation is secured by freedom 
from occasional stimulation and by a weak, uninterrupted stimu¬ 
lation. In practice it is not possible, however, to avoid comparison 
with a standard; ami this is as true of taste as of any of the 
other senses. A single sample stimulus ean be judged after a 
period of comparative passivity of tin* organ; but if further 
judgments are to be made within a reasonable period of time, 
they an* subject to disturbance from tin* traces of the preceding 
stimulus or from the mechanical means employed to remove such 
traces. Truces of any substance taken Into the mouth remain 
until removed by the slow flow from the salivary glands or by 
the help of a rinse. It is customary to use pure water as a 
mouth-wash to remove traces of previous stimuli, and water is 
thought of as being itself tasteless. Hut all water when closely 
examined yields a taste/’ It appears that the only way to insun*, 
perfect quiescence in the taste organs is to allow them to remain 

1 Hoe W. Nagel* itandhueh der Phyttwlagw dm Mennehen (Hraunnele 
weig, F« Vieweg u. Hohn, 1907), voh 2, p, toil; <\ Oppenltetmer, Hnndlmeh 
drr Hiorfu mir dm At rnwhen and drr Tirrr (Jena, (*. Ki.seher, HU0), vnh 3, 
pfc. 1, p. 27. 

8 On the taste of water, see Appendix L 
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for a considerable time unexcited by any substance other than 
the normal saliva. 11 

The seeond requisite of a good thmshohbstimulus -that its 
quality hr familiar and at the same time ekar and distinct and 
easily regulated in intensity - is satisfactorily fultllled by any 
of the four ehief taste qualities; but salt possesses certain advan¬ 
tages over the other three. Salt sensations are not produced 
accidentally by stimulation with water. 4 Weak salt solutions 
have no disagreeable effects, and even after repeated tasting 
produee none of the strong feelings which attend bitter, sweet 
ami sour. Halt solutions are easily prepared and keep well. 0 A 
large number of previous determinations of the threshold are 
available in the ease of suit, while for the other taste qualities 
sueh old determinations are fewer and rest upon stimulation by 
such a variety of substances that very few direct comparisons can 
be made, 45 The previous determinations seem ft* be more con¬ 
sistent with eaeh other for salt than for the other taste qualities, 
and this faet would seem to indicate that fewer dithenlties or 
errors are encountered in administering this stimulus. The reac¬ 
tion time for salt m shorter than for the other qualities, and the 
discrepancy between the simple modem time and the time for 
discriminating salt is less, and this would seem to indicate that 

a Moreover perfect ifrirf owli of method require that time be 

alhmetl in wtikdi tie* waUva itself mm return lo a normal stnfc after 
tint flinturbatteen of «H e*m,dituf cm mooted t*v fbe into**Ittef cm of foreign 
utibstiiiices into the titottflt, Bee Pavlov, l, P,„ Tht of flic thijt'tftm 

(Uumfah fr» by W, il, Thuftqoon fUnd Eng. ed,, f o*odmu <'buries ilrtflin and 
t*it» f lino), p» 7i, 

4 Kienow, l»\, VhdmuphM**hr v*d. In ttMClf, ju * r »CH; Titrlwnw, 

E, B., Trsthmk of ¥ap* fUyrliol., oil I, pf, 0, ft. I0»; and wee Appendix t, 
On flic Tatde of pi (titled Water. 

fi There are various b eh smut! ddtieuifiei in flu* eay of muehtrdbdng 
sugar for such wurli, and the enroot dnferemvi hot ween roignr and 
WUodmmie dkeovered bv |*emb»ogr% tel* f, *1 », Phi/*fed,, %o|, 123 

(ItHlKb p, UOIb are siOthdoiO warrant f*«r refer! tug overt fallen for thn 
present work, in whieh Httfifthctp* in the n?«muhr> h the lint requisite. 

Acid niifitiili require <meh #nlr:eudinars dtlatiatn far the threshold 
that they are imomvemeuf, ffwtuiirds dmrr, Pimm, J*,w, ud, do 0808), 
p, PJt, flick that h^ilrochboie aeid naur .h long m flwr** l« my 

free itrt present, and that the wen ,ho »f t;n»e gun finer dneruuifMthm# 
tllfill •nine •w*«!lti«t in«dl»Mill*, 

«On the defrrmhmtomc ut tie- fbredodd *4* o«o bo mUt* eee Apjma* 
llii II, 
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the salt quality, when perceived, is more clear or unambiguous 
than the others, 7 

As a further point in favor of using salt; as a stimulus it may 
be noted that the tongue is about equally sensitive all around to 
salt, while for the other qualities some portions are more sensitive 
than others. 8 On this account it makes less difference with salt 
if the stimulus does not always strike first; on the same part of 
the tongue. 

7 Kiesow, Ztsvh, f. Pxyehtd,, vol. WA X (1003), p. 450, gives the following 
reaction times: 

Half O.IfOK hoc. 

Sugar, 0.440 see, 

tin, o.r»;m ««<*. 

ijtiiiiirn% 1,082 not*. 

Hoe nine von ViutHchgnu ami fUmigmdimted, ITluger’w Areh. f. d. yes. 
Physiol, vol. 10 (1875). p, 42, ami the article by von Vintsehgnu in Her¬ 
mann ’h Handb* d. Physiol, vol. 0* pf, 2 (1HKO), p, 205, 

Notwithstanding the fact that the wait solutions used were less 
intense than the oj her tastes, von Vintschgan, A red f, d yes. Physiol, 
vol. 14 (1877), p, 550, found that the time required to discriminate salt 
from water was bom than the time required to discriminate the other 
tastes from water, as follows: 

Halt, 0,270 sec. 

Acid, tUllla sec,' 

Sugar, 05184 sec. 

Hit tor, Ml 3 see. 

Halt shows the least difforenee between the maximum and minimum 
reaction times {ibid, p. not), The time for discriminating between two 
tastes in shortest when one of these tastes* m salt (ibid, p, <154). 

8 Wumlt, Physiol* Psyehol, vol. 2 (UH0), p. 02: Uaemg, Philos* Mudkrn, 
vol, 17 (1001), pp, dtitl 008, 
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II 

STATEMENT OF THE WORK DONE 

Two sets of solutions of common suit’* in water 1 " were pre¬ 
pared in quantity oneo for all. One set, called the ‘'stronii” solu¬ 
tions, contained the following sixteen memlicrs, the tigurra denot¬ 
ing the per emit, of salt to water by weight, i.e., the number of 
grams NaOl per 100 cubic centimeters Il a O. 


Mamo of solution 

0 

1 

i 

a 

4 

and so <m, by 8t**jw of to 

15 


Hi witgUt, fw t*oiit 
tUM 

»u*; 

i»/4 r r, 

ii, 

tuVT 


The “weak” aerten the 

Name of wilutltia 

0 

1 

% 


follow in*.? tffWu : 

Htnmgth, |*«*r «w«fc 

0 . 0 ''?, 


i 


fU^ 


% 

and ho on, hy of to 

m 


II ! &V?» 

it a;.v?. 


For each observer a set of small bottle* was provided, one for 
each solution in the series, and for each bottle a common medicine- 
dropper, or pipette, the tube of which slipped snugly into the bottle, 


»Th« mdt used was that prepared by the J, T, Haber <'headeal ('em. 
If"? h iNew Jersey, under She label <'.Sodium Chloride, 
M.W. fiH.JS. It is .nidd h* contain, b«iid*'<* NnC|, o.ooti’.i per cent 
ir<m t and 0,005 par ««ul »ti If is tit, 

10 The water used was taken from the uill of the Department of 
Ohommtry m this bmvmity. ft is diUtlied mice from copper and 
contains aomo traces of copper aaitx, but h »nitooentie pure for tit* in 

ordinary quantitiitifi nnalytlg* # 1 
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<111 cl oi which tho xubbor hull) closed the 4 neck of the bottle midi 
prevented (evaporation. Before a sitting, those small bottles were 
filled from the stork and brought into tho operating room in time 
to allow their contents to come to the temperature oi* the room. 11 

After work had once begun the observers reported regularly 
once or fcwieo a week, or daily, as the ease might be, at the same 
time of day. They did not work if they felt out of sorts or had 
colds. All judgments wen* recorded. The observer was seated so 
that he could not see t he hot ties, 1 ** The stimuli were administered 
in chance order, but in several series a record was kept of this 
order so that it was possible to tell what stimulus and what judg¬ 
ment preceded any particular stimulus, and in these latter cases 
care was taken to see that eaeh solution should come first in a 
series as often as did any other solution. Otherwise a chance 
order was followed. 

When the observer had sealed himself and rinsed his mouth 
(using as mueh or as little water for this purpose as he chose), 10 
the experimenter took one of the small bottles, pumped with the 
pipette to stir up the solution, filled the pipette till it contained 
one cubic eentimefer\ and handed it to tin* observer, who opened 
his mouth and emptied Ha* pipette on to Ha* center of his tongue, 


u Authorities differ an to the effect of the temperature of the sola 
ti«m upon the sensitivity of the observer, I am not prepared to my 
that i ho t h realm Id would ho affected by using blood boat instead of the 
temporalure of the room, but l am 'ready to admit, in the light of 
occasional intronpeetions from my observers, that if/ would ho ’'worth 
while, tor the .sake of precision, to take the pains to keep all of the 
thuds used at a fixed temperature of about lid” < ’ and also to regulate 
the room temperature carefully. On the other hand, 1 wish to stale 
that my own u priori objections to using a fixed temperature were, that 
it would appear warmer on a eold day and cooler on a warm day, ami 
that if it were as high m blood temperature it would make the stronger 
salt ho hit ions somewhat nauseating, l kept ail the fluids at the tempera 
lure of the room, which was never hot or cold, and no they bore a 
< oast aut i elation to the phy mologi eul zero point of the observer 'h skin. 
Bee Klesow, Phdon, titiuhen, vol, 12 ( IHIN1), p, *f||-f» 

u? The bottles were not labeled in order, but according to an arbitrary 
system of which even the experimenter did not, then and there, have 
the key. 

u< The amount of rinse water in a minor factor, and yet H may assume 

some importance when an effort in being made to keep the conditions 
perfectly uniform from one stimulation to the next. I rather thought 
lesslv followed precedent in allowing each observer to use his own 
discretion in thin matter. 
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then closed his month, moved tie* solution about with his tongue 
and spit it out. 11 The observer then expressed Ins judgment by 
“yes” or “no, M meaning <4 salt'' or 44 not salt, in Some observers 
expressed judgment by a shake <d the head ami omit ted spitting 
out the solution, taking the rinse water while the solution was 
still in the mouth. All but the most eunseienf tuns observers occa¬ 
sionally s\v?dlowe< l the rinse water, almost involuntarily land with 
it the one dost 1 of salt) as the result of thirst, indmvd partly by 


u See Appendix IT. 

15 N() doubt objection will still be made to the exclusion of doubtful 
answers. In reporting niv experiments on * * The Judgment of Utflerence 11 
(page 28 of this volume of the present wtesi, t fried to justify the 
exclusion, in general, of doubtful answers when these answers represent, 
not a distinct type of judgment, but rather ttm absence of any explicit 
judgment at till It would be useless to repeat thorn* arguments here; but 
there is one peculiarity of the present problem Hint mu hen the ease more 
than usually obvious. Our whole interest in the preamt situation lies 
in determining whether the observer does or does md have a partieular 
sensation. A doubtful answer from him has no sign Hie a nee at all. Nom¬ 
inally it signifies a sort of intermediate state between sensation and 
absence of sensation. The answer 14 1 don*! Know to the tpiedion “Ho 
yon taste salt 1 T * means either that no salt wos turfed or that the 
observer was incapable at the time of making a rational judgment. 
Under no circumstances can it mean that he find n half taste of salt or 
that what he tasted was half salt and half wider, Psyehophysicn must 
run wild in its attempt to measure sensations before it cun undertake 
to count up fractions of sensations, 

A good example of tne absurdity arising from the admission of 
doubtful answers can be seen in the work of bemberger, Jreli, /', d, 
PhyttioL, vol, 1211 (UMtH), p, 1104, in comparing sugar with saccharine. 
In only eight out of a total of 40 cases in one oeriei wan the sensation 
reported, and yet fins 20 per cent of pomfive judgments mounts to till 
per cent by the inclusion of the doubtful eases, of which there wore 112, 
In other words, lb positive cases are derived from the doubtful column, 
when there were only H truly positive rakes. Two thirds of the positive 
judgments reported for thin solution arose from situations in which the 
observer was really unable to make any judgment at alt. This is 
morelv a horrible example, fatten from what is m mtmv ways an admir¬ 
able piece of work, of the dangers of allowing states of uncertainty 
to figure in a statistical army of explicit judgments, If seems to me 
that there in no way of getting judgment** ttpott a concrete situation 
except to ask for them. Surely it in ted requiring too much to ask a 
person to report whether tie Urge** or dues not insfe naif, tf lie dries not 
taste salt, all he has to do is to nay no, An a matter nf fact, none of 
my observers, many of whom were entindv tow to wuru of thin sort, 
had the slightest dUliculty in meeting them re* pm erne ids, They were 
told beforehand that there were some of the solutions that tunfed wilt 
and others that did not, and that they were to decide which were which, 
and that they must, decide in every *owe, They derided every time, and 
there warn seldom any hesitation, * The table** ?»to«w that notim of them, 
at any rate, were exceedingly consistent in ftimr decMboei 

Some light may be obtained on the tmw nut ore of the ** doubt fill u 
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the sight, and taste of the water itself and partly by the eontinual 
loss of saliva and eonseqnent dryness of tin 1 throat. 

While the mouth was being rinsed the experimenter was pre¬ 
paring the next pipette and entering the judgment;. As soon as 
the rinse water had been spit. out. the next pipette was handed 
to the observer. This routine was eontinued until the series of 
fifteen or sixteen solutions had been gone through onee; then a 
two-minute rest was taken, and then tin* routine was resumed. 10 

answer by an inspect ion of one of the tables published bv Uamerer 
Ztseh. f. mat., vol. 21 tbsso), p. 601. 

The distribution of answers found by Uamerer when there wore 2 bitter, 
3 Balt, and 2 water eases in each series. The judgments are given in per 
cent out of ldO for each solution for each of two observers. The upper 
number refers to Observer l, the lower to Observer 11. The method of 
work was “ unwi«Hentliehes, gemisehf ’ * im in our own experiments. 

Halt Hole! loan Qulnlno Holufioim 


Ju<lgm*'»t 

No, *2 

No, a 

No, H 

No, 1 

No, i,f» 

No, If 

Wat«r 

Water 

“Walt” 

27,0 


SIS, 7 





(Mi 


* t2»o 

7l,h 

if 8,7 






4 * Bitter 1 * 

122 



4L2 


HI.SI 

KU) 

lit 


'Ml 



64,4 

H3.1 

SUM! 

1,2 

(Mi 

44 Water” 

22,1 

he! 


28,7 

2d.d 

a 2 

81 J 

85,0 


i:mi 

2.7 


6.0 

122 

(Ml 

m> 

07,5 


4121 

2122 

1,2 

122 

1 »ltf 


0.0 

3.7 


22 5 

HU 


(Ml 





‘ Uncertain, per¬ 

2,5 

L2 


26,2 

2l.d 

10.0 

7.6 

621 

haps hitter” 

tui 

(Ml 


22.6 

KM) 

7.5 

6,0 

1,2 

4 Not water* and 









and not surely 

;u 

(Ml 


2.6 

(Mi 

121 

0.6 

3,1 

salt or bitter ’ ’ 

8.1 

4.4 

’ 122 

fall 

4.4 

1.2 

0.6 



No judgment, (Mi 

, Imj t»’i 

Herefhreo salt, three bitter, and two water stimuli occurred in the series. 
In this cast' the judgments ' 1 uncertain, perhaps salt*’ or * 4 uncertain, per 
haps bitter should really be listed as correct judgments. They are as apt 
to be right as the “surely salt '* or “surely letter.” The judgment “not 
water and not surely salt or bitter’’ is correct in so far as it stands 
for a animation which is positive dail not clear an to quality, 41 No 
judgment‘ 1 given practically no returns at all; there was always a 
judgment. Under tbene circumstances it becomes e\ blent that* the 
doubtful answers, instead of being half right and half wrong, are 
nearly all right, 

Under ordinary cireumsfances, when the alternative of 4 4 salt * * or £i not 

salt * is offered, the judgment “uncertain’* means * “ uncertain, perhaps 
Balt” as in this table of < ‘amerer *s. It is absurd to decide a priori that 
half or any part of these judgments are wrong, Tim rational thing to 
do is to exclude such judgments from the start. 

1(1 The interval between micceaaive stimulafIona was much leas than 
is customary in such experiments, Uarefut preliminary experiments htdb 
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The experimenters fall into two groups. The observers in 
the first group were students in the University of Oalifornia Sum¬ 
mer Session of 1910 who were doing their first work in experi¬ 
mental psychology. There were eight of them, of whom five were 
mature and experienced persons; the others were college students. 
They received no preliminary training and were allowed only a 
few trials before they began the actual work of the experiment. 
Their observations wore made tinder my eye and with my help 
by fellow-students. They each passed forty judgments on each 
of the sixteen “strong” solutions (see p. The data from 

these observations are given in the curves ot Plates 1 and 2, and 
in Table XVIII. In the same group with them are the data from 
observer bobbin, a graduate student without previous laboratory 
training. In the ease of this observer, however, an extended 
period of tentative experiment with other intensities of salt and 
other modes of judgment preceded the forty judgments for which 
the curve is drawn. 

The experiments of the second group were all performed by 
the writer himself during the year 1910 11, In these cases the 
order of succession of the judgments was recorded. Observer 
Noteware, who had already made forty rounds of judgments in 
the summer on the “strong” series, now made forty more the 

<*ated Unit judgments could be made in rapid mcemnhm without any mure 
difficulty titan when they were made at. longer intervals, The rate used 
wits that at which the Work of fasting and rinsing on the part of the 
observer and recording on tin* part of the experimenter could ho carried 
on without interruption, for a series of fifteen or sixteen judgments, f At 
the cud of such a series a rest of two utinufci win taken. Home eight 
series of fifteen judgments were usually made in a tiffv minute mfUng t> or 
about three judgments per minute, This rate seems fast compared with 
the leisurely met hods of some of the early inv cut igators (i ‘ainerer % 
observers studied vocabularies during intenah of two and a half minutes) 
but I feel confident that if h wisiyto work on such experiments com 
timoundv with sustained attention instead of allow tug the observer *8 
mind to" wander off into other paths from which if must again noon he 
recalled to work, (\mltnmmly mnfained at tent ion demands far less 
energy than coatinmundy renewed atfcation to such monotonous tasks; 
fin* number of judgments made at a sitting Is urea ter* and there In no 
evidence tiutt they are in any respect inferior, 

While we ought, tentatively, to adopt tfoymofit efficient programme 
for such work, refusing to use more time than is demonstrably necessary* 
direct experiments are required to discover the Itutiti within which it 
in destritlde to * * tqmed up’* in psychological laboratories, 
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following spring on the “weak” series (see Plate 3, fig. 3.) Ob¬ 
server Kohlberg, a senior student working for the second year 
in the laboratory, made eighty rounds of judgments on the 
“strong” series without preliminary practice (see Plate 1). 
Observer von der Nienbnrg, of like training, after preliminary 
practice made 120 rounds of judgments (1800 in all) on the 
“weak” series, of which only the last hundred rounds are re¬ 
garded in some of the tables (see Plate 3, fig. 1.) She later made 
forty-five rounds on the “strong” series, of which only the last 
forty have been counted (see Plate 2.) Observer Levy, a gradu¬ 
ate student with several years’ experience in the laboratory, 
made eighty rounds on the “weak” series after a good deal of 
practice on somewhat stronger and weaker stimuli, devoted to 
determining the best intensities with which to work (see Plate 3, 
fig. 2.) 
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III 

DIFFICULTIES TO BE CONSIDERED IN THE 
EXPERIMENT 

a. Practice, Adaptation, and Fatigue 

Tables I-V show for four observers the number of series of 
fifteen or sixteen judgments made at each sitting and, at the 
bottom, the average number of positive judgments given in the 
course of each of these successive series. These averages are all 
shown together in Table VI. If the very rapid rate of presenta¬ 
tion exercised a bad influence on the observer, we might expect 
it to appear in these tables as a fatigue effect. That is, the num¬ 
ber of positive judgments might steadily increase (or decrease) 


Tables Showing the Number op Positive Judgments in Each 
op 16 (or 15) Stimuli on Each Day op Work 


Table I 

Observer Miss Kohlberg 
16 Strong Stimuli 


Round 

1 

2 

3 

4 

5 

6 

7 

8 

Average 

Sept. 21 

10 

12 

10 

14 

.... 

.... 



11.5 

26 

9 

10 

10 

9 

9 




9.4 

Oct. 3 

10 

10 

11 

11 

11 

10 

10 

6 

9.9 

10 

10 

5 

8 

7 

7 

10 



7.8 

17 

11 

7 

8 

7 

7 

9 



8.2 

31 

10 

7 

8 

8 

7 

10 

8 


8.3 

Nov. 7 

9 

9 

7 

9 

10 

9 

9 


8.9 

14 

8 

5 

9 

9 

8 

9 

8 


8.0 

21 

8 

9 

9 

9 

6 

7 

7 


7.9 

28 

8 

8 

8 

8 

7 

6 

7 

6 

7.3 

30 

11 

9 

9 

8 

9 

10 

8 

11 

9.4 

Dec. 5 

10 

8 

8 

6 

6 

6 

9 

.... 

7.8 

Av. per round 9.5 

8.3 

8.8 

8.8 

8.0 

8.6 

8.3 

7.7 

8.6 
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Table II 

Observer Miss von der Nienburg 


16 Strong Solutions 


Round 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Average 

Nov. 24 

10* 

10* 

10* 

11* 

11* 

11 

12 

10 

.... 

.... 

10.6 

28 

12 

14 

15 

15 

15 

14 

15 

15 

15 

.... 

14.4 

30 

14 

15 

14 

13 

13 

13 

15 

12 

14 

.... 

13.7 

Dee. 5 

15 

15 

14 

16 

15 

14 

14 

15 

14 


14.9 

7 

15 

15 

15 

16 

13 

13 

14 

15 

14 

16 

14.6 

Average 

— 

— 

— 







— 

— 

per round 

13.2 

13.8 

13.6 

14.2 

13.4 

13.0 

14.0 

13.4 

14.2 

16.0 

13.7 


* Not included in other tables. 


Table III 


Observer Miss von der Nienburg 
15 Weak Solutions 


Round 

l 

2 

3 

4 

5 

6 

7 

8 

9 

Average 

Sept. 26* 

14 

13 

12 

11 

14 

.... 

.... 

.... 

.... 

12.8 

28* 

10 

11 

8 

8 

5 

6 

6 

8 

.... 

7.8 

Oct. 3* 

10 

7 

5 

9 

8 

9 

7 

.... 

.... 

7.9 

5 

5 

3 

5 

2 

4 

3 

3 

5 

3 

3.66 

10 

4 

5 

4 

6 

6 

6 

4 

4 

.... 

4.88 

12 

3 

5 

5 

4 

4 

4 

3 

.... 

.... 

4.00 

17 

4 

3 

4 

2 

2 

4 

4 


.... 

3.27 

24 

3 

3 

2 

3 

3 

2 

2 

.... 

.... 

2.59 

26 

1 

1 

2 

1 

0 

3 

2 

2 

.... 

1.50 

31 

3 

2 

2 

2 

2 

2 

3 

.... 

.... 

2.28 

Nov. 2 

3 

2 

3 

2 

2 

1 

1 


.... 

2.00 

7 

2 

2 

3 

3 

2 

1 

2 

3 

.... 

2.25 

9 

4 

6 

2 

3 

1 

3 

4 

4 

.... 

3.38 

14 

5 

3 

4 

3 

4 

5 

2 

1 

.... 

3.38 

16 

6 

4 

4 

4 

4 

3 

5 

4 

.... 

4.00 

21 

6 

4 

1 

5 

4 

2 

3 

4 

.... 

3.63 

Average 
per round 

3.77 

3.31 

3.15 

3.08 

2.92 

3.00 

2.92 

3.38 

3.00 

3.18 


* The observations made on these days are not included in other 
tables, nor in the averages at the foot of this table. 
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Table IV 

Observer Me. Levy 


15 Weak Solutions 


Round 

i 

2 

a 

4 

5 

e 

7 

Average 

Sept. 30 

4 

8 

7 

5 

7 

7 


0.3 

Oet. 8 

5 

6 

5 

4 

5 

7 

5 

6.3 

12 

8 

6 

9 

6 

8 

7 

§ 

7,4 

24 

6 

10 

7 

6 

5 

0 


0,7 

29 

8 

9 

5 

10 

7 

10 


8,2 

Nov. 3 

9 

4 

6 

6 

8 


,, 

0.0 

18 

8 

7 

6 



« 


7.0 

25 

7 

8 

6 

8 

7 

7 


0,8 

Dee. 2 

8 

6 

6 

6 

7 

5 


0.3 

9 

6 

8 

8 

0 

6 

.. 


6.8 

Feb. 3 

8 

6 

7 

8 

8 

.. 

.. 

7,4 

10 

7 

7 

6 

8 

5 

7 


0.7 

17 

6 

6 

JO 

7 

0 

9 

7 

7.1 

24 

5 

5 

7 

7 

6 



0.0 

Average per round 

6.8 

6.8 

6,8 

0,5 

6.5 

7,2 

7,0 

0.75 


Table V 

Observer Mlhh Note ware 


15 Weak {Solutions 


Round 

i 

2 

8 

4 

5 

0 

7 

# 

Atetap 

Feb. 24 

6 

7 

4 

7 

7 

9 

5 

0 

0,4 

Mar. 3 

7 

7 

6 

9 

7 

8 

13 

0 

8.0 

10 

0 

8 

10 

5 

7 

7 

6 

# 

7.0 

37 

9 

10 

7 

0 

10 

10 

m 

11 

9.5 

24 

9 

11 

8 

9 

8 

7 

8 

7 

8.4 

Av. per round 

7.4 

8.0 

7,0 

7.8 

7.8 

8/2 

8.4 

7/1 

7.85 


with the advanee of the hour. One observer only, Mias van dor 
Nienburg, and in only one of her two sories (Table Ili a gave less 
and less positive judgments from round to round. Observer 
Kohlberg (Table I) gave more positive judgments mi the first 
round, but showed no dee muse after the seeond round. The 
other two observers showed no regular ehange at all during the 
sitting. 
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Reference will ho made later (p. 218) to certain purely “cen¬ 
tral” or subjective factors which influence the attitude of the 
observer and determine roughly the proportion of positive and 
negative judgments in a, series. Kor observer von dor Nienburg 
these factors tend to reduce the number of positive judgments 
in the “weak 1 ' series and to increase them in the u strong” 
series. Those factors account for a progressive change in the 
proportion of positive judgments during the course of the sitting; 
and such an account holds for both of the series with this observer, 
whereas the effect can he ascribed to fatigue in only one of the 
series. 

Table VI 

Showing the Average New nm or Positive Juihiments out or 15 on 16 
(Uvkn on Mac m Hoeeiissivr. Koono iHmtMO an Hotmks Hitting 

10 until I 2 .*» 4 6 « 7 8 9 

Mi8H K. out of 16 strong HoluttouH 9.6 8.8 8,8 8,8 8,0 8,6 8,3* 7,7 4 ...... 

Mash v. (L N. out of III strong solutions 13.3 13.8 HM’I M,2 18.4 13.0 14.0 13,4 M/i 4 
Um v. <L N. out of HI weak hi»I tit mhim 3.77 3,31 3,15 3,08 2,92 3,00 2,92 3,38* 

Mr, h. out, t*f 15 weak solutions 0,8 0,8 6,8 6,5 0*6 7,2 tt 7.0** ,,,, 

Miss N 7 out of HI weak solutmiiH 7,4 8,0 7,0 7,8 7,8 8,2 8.4 7.6 ...... 

1 Results obtained on only s <»f 12 aittingM, 

4 RemdtH obtained mi only 2 of 12 sittings, 

* Result h obtained on only 4 of 6 sittings, 

4 Results obtained tm only 8 of 13 nit tings, 

* Results obtained on only 9 of 14 mttiugs, 

e RcKultH obtained on tody 3 of M siftings, 

7 Rive sittings. 

On the whole, there seems to be no reason for supposing that? 
the rapid sueeesston of stimuli tended to dull the sensory acuity 
of any of the observers. 

The further question remains whether an aftereffect per¬ 
sisted from one stimulus to the next, so that the sueeessive 
stimulations interfered with one another. 

It. (k INTRANT 

It might he .supposed that if the slimul! were applied in too 
rapid succession there would he disturbing positive after effects, 
i.e,< that the effects of strong positive stimuli would persist after 
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“Weaker” means a stimulus weaker than the one being judged. 
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their removal and bo carried over to the next stimulus. Table 
VII shows that in every instance in which a record was kept of 
the order of the successive judgments a negative after-effect, or 
what is ordinarily called contrast, appeared. If the solution 
which is being tasted is stronger than the one preceding, there 
is a tendency to call it salt; but if it is weaker than the preceding 
there is an equally strong tendency to call it water. 17 It should 
he observed that three of the lour observers wore judging of very 
weak stimuli, and that for two of them (the last two in, the 
table) none of Ihe stimuli were clearly salt, although both of 
the observers often sai<l that salt was clearly present. 

Since observer von tier Nienburg gave a very large proportion 
of positive answers in the ‘‘strong” series, a separate presenta¬ 
tion is made of the results after exeluding the ten strongest of 
these solid ions. Only one negative judgment oeeurred on any 
of these ten solutions. For the remaining six solutions the pro¬ 
portion of positive answers is normally U7 per cent, hut when 
the preceding st imulus has been weaker the proportion of positive 
answers rises to H5.8 per cent, 

o’ See p, :Mfi for a further statement. ?»f tbe method of securing those 
fact b* 
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I? 

THE DEPENDENCE OF SENSORY 4PI)(fMENTS ON 
(ENTRAP CONDITIONS 

The chief aim in undertaking the present group of experi¬ 
ments was to show that every judgment we make* no matter how 
simple the subject-matter, Is conditioned to a very large extent 
by inward or * 4 subjective 1 ' factors. Much finders are more 
properly designated ^central** in contradistinction to the peri¬ 
pheral factors which* in one way or another* compel the indi¬ 
vidual to make a reaction, The eeiilnd factors may tic thought 
of as the condition of the organism itself modifying its reaction. 
Obviously different organisms react differently to the same 
stimulus, and one reason is to be found in the different cap¬ 
acities which different individual* have, Ho, too* the same 
organism does not always react in the same way to stimuli which 
are apparently identical* and in thin case the difference in reac¬ 
tion may be thought, of as din* to the different condition of the 
organism. Hueh a difference in condition constitutes a * Ventral n 
factor in the reaction. 

In the case of the judgment of difference 1 ** it was found that 
small differences in tin* task assigned, or small differences in 
the mode of reaction demanded, had the effect of altering con¬ 
siderably the observer s judgment in situations winch were other¬ 
wise precisely erpiivalent, Moreover, a change in the arrange¬ 
ment of the subject-matter so that n particular ease appeared 
in different company so uttered the general attitude of the 
observer that his judgment would he affected, When, for 
instance, all the differences between the weights winch lie was 
judging were small* he could judge very small nuns competently; 
but let the same task be given when coarser differences were being 


1H Bee * 1 The Judgment of Different 


ji» of the* volume, 
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judged, then the eentrul conditions were no longer favorable for 

such accurate judgment. 

The judgment of difference is a comparatively complicated 
undertaking. The judgment of sensory stimuli is generally sup¬ 
posed to be much simpler. Ls it still true in the simpler ease 
that central conditions play an active part in the formation of 
judgments. 1 here is no question here oi the distinction between 

sensation and perception or oi the association processes neces¬ 
sarily involved in tIn* recognition of a stimulus. The point is 
whether there are changes in the attitude of the observer which 
afleet his capacity to perform his part in sensation, no matter 
what that part is. 


a. Tun Infeeknck of Hpcokshive Jpiwmknth on One Another 
as a IhsTtruiuNo Oentuae Factor 

In I ho second croup oi experiments, embracing one hundred 
rounds oi weak stimuli and forty roumls of strong stimuli with 
observer von der Menlmrg, eighty rounds of strong stimuli with 
observer Kohl berg, forty rounds of weak stimuli with observer 
Note ware, ami eighty roumls of weak stimuli with observer Lew, 
a record was kept of the order of presentation of the stimuli. A 
sample record sheet for one of these 210 series is shown on page 
220. From these original record sheets, tally sheets wen* made 
up, oi which a sample appears on page 221, showing tin* complete 
distribution of all the judgments passed on each stimulus. Tuk- 
in^ all the positive judgments for that solution, the tally sheet 
shows how many were preceded by solutions stronger than the 
one in question ami how many wen* preceded by a solution weaker 
than the (me* in question. Then, further, the tally sheet shows 
the number of preceding eases which wen* judged salt and the 
number which were judged not salt. And so for tin* various 
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combinations, so that the footing up of tin* tally wheats tor an 
individual observer gives all the judgments in the following 
categories: 

A. Positive, judgments, “salt/ 1 

B. Negative judgments, ** not salt/ 1 

Al. Positive judgments preceded by a jnwifby judgment <m a solution 
stronger than the one in quest ion, 

A2. Positive judgments preceded by a nr gutter j u4gmmi on a saint km 
stronger than the one in question. 

A3. Positive judgments preceded l^v a fnmdset judgw*nt on a saint inn 
weaker than the one in question. 

A4. Positive judgments preceded by a negative judgment mi a siHutwn 
weaker than the one in question. _ , 

A5. Positive judgments preceded by nothing* flint is. the ut tmulus was 
given after a rest. , , . 

Bl, 2, 3/4, 5. The same as above, except that uegnUxe judgments are 
considered instead of positive ones. 


A 

B 

C 

P 

E 

P 

G 

H 

1 

J 

K 

L 

M 

N 

0 


*‘ + M means “salt u * - * * moon * 1 ted salt. ’ 1 

The letters at the left are the arbitrary oamei *«f the wftifearn, This 
was the 40th series, or round, for lib « **b ^r% er and the prearranged pro¬ 
gramme required it to begin with solution K; tI mo wm the third Ume that 
K had come around to the head of the »iero*'o modi dilution coming first 
in turn. The numbers at the head of the laid#* give the tmqnenee of the 
judgments. The record sheet shown wind mdiifion anti wind Judgment 
preceded any given ease. 


Wampus Hr.roiit* hiiKrr 

Obhkuvkr Mush Notkwakr. Maiicii Pb Boom* do, KX 

l 2 3 4 & ft 7 H It t* 1 tl M 14 15 

i 

4 - 
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Sample Tally Sheet 


Observer Mr. Levy. 

Weak Solutions. 

Solution D == 0.25% 



— 

— 

Q 

+ 

+ 



Positive judgments 


— 

+ 

0 

+ 

— 

— 

— — — Negative judgments 

on D preceded by: — 

— 

— 

— 

P 

— 

— 


on D preceded by: 


— 

+ 

___ 

K 

— 

— 

— 




+ 

— 

A 

__ 

— 

— 





+ 

N 

+ 







— 

G 

— 




+ 

+ 

+ 

— 

C 

+ 

— 


+ + — 



— 

— 

J 

— 

+ 

+ 

+ 





B 

— 

+ 

+ 






(D) 





+ 

+ 

—- 

—- 

L 

— 

+ 

+ 




+ 

— 

M 

+ 

+ 




+ 

— 

+ 

H 

+ 

+ 

+ 



— 

— 

— 

E 

+ 

+ 





0 

0 Nothing 

0 

0 0 

0 


A positive (+) judgment on solution D was preceded by: 


Positive judgments on solutions weaker than D . 7 times 

Positive judgments on solutions stronger than D . 5 times 

Negative judgments on solutions weaker than D . 14 times 

Negative judgments on solutions stronger than D . 7 times 

Nothing, i.e., this solution was the first in the series. 2 times 

A negative (—) judgment on solution D was preceded by: 

Positive judgments on solutions weaker than D . 12 times 

Positive judgments on solutions stronger than D. 9 times 

Negative judgments on solutions weaker than D . 19 times 

Negative judgments on solutions stronger than D. 1 time 

Notning, i.e., this solution was the first in the series. 4 times 


The solutions are arranged in order of intensity from the top down 

to the strongest. On the left the table shows what happened each time 

just before solution I) was called salt. On the right, what happened just 
before solution D was called not salt. Thus solution L was given 4 times 
before solution D was called salt; in 2 of these cases L was called salt 
itself, am in 2 not. L was given 3 times just before D was called not 
salt; on 2 of these 3 occasions L was itself called salt, the other time not. 
Six times D came nrst, so that nothing came before it; on 2 of these 
occasions it was called salt, the other 4 times not. Like all the other 

solutions in this series I> was judged 80 times; 35 times it was called 

salt and 45 times not. See Table XI, solution 0.25 per cent, for the final 
tabulation of the data from this tally sheet. 
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Tables VIII to XTI show the results obtained from eneh per¬ 
son for each solution. In Table XI11 there is a statement ot the 
final results with regard to the positive judgments tor eaeh per¬ 
son. The results for negative judgments are merely eoinple- 
mentary to these. 

The general method here employed is to find the total num¬ 
ber of positive judgments in any one of the above categories and 
then to find the proportion of them whieh had one kind ot ante¬ 
cedent and the proportion of them whieh had another kind. The 
result is expressed in per eent. ami it thus becomes possible to 
measure the effect of the antecedents upon the judgment. This 
method has already Iveen employed in ascertaining the fact men- 
tioned on page 217—that all of the observers, but some more dis¬ 
tinctly than others, show a tendency to call a solution salt more 


Ta«i*K VI11 

0BKKltVKR KOHMWIUI, HO Jiol'NtW tW HtHJfTItiHj'l 

* strong* * nttitan fit*’ mid ttt ipiwtitiu 

* * + 1 * rrs pomtivo juritfmtmt ttf rot It 


| jdmf. pnHH'titui hy: 


jttttif {U'mutrhl fiV 


Sol. in 
% Nad 

weak 

f ■ 

utron# 



o iilwl 

0 Mil r 

t 

-of 1 i* til is* 

MvvtA 


o i«imtu 

o at*!, 

0.0% 

0 

2 

0 

u 

0 

f! 

r.H 

«l 

115 

5 

0.1 

0 

0 

0 

1 

0 

It 

39 

II 

32 

5 

0.2 

0 

4 

0 

0 

ft 

It 

*19 

11 

19 

f* 

0.3 

0 

3 

3 

1 

t 

It 

III 

t! 

19 

1 

0.4 

0 

0 

*> 

4 

2 

1 

*b< 

19 

H 

5 

0.5 

t 

7 

<1 

:s 

0 

2 

40 

9 

i 

5 

0.6 

1 

21 

11 

1 

2 

it 

20 

9 

f* 

4 

0.7 

4 

10 

27 

2 

0 

2 

17 

9 

1 

5 

O.S 

5 

13 

2H 

0 

0 

I 

15 

It 

:t 

4 

0.9 

7 

17 

3<1 

l 

4 

II 

0 

H 

o 

i 

1.0 

11 

17 

35 


3 

1 

11 

:i 

ii 

2 

1.1, 

19 

14 

33 

1 

*i 

M 

3 

3 

it 

0 

1.2 

20 

15 

38 

0 

4 

l| 

If 

2 

n 

1 

1.3 

30 

7 

35 

0 

4 

1 

i 

1 

0 

1 

1.4 

30 

6 

33 

0 

3 

1 

it 

i» 

II 

2 

1.5 

43 

0 

32 

0 

4 

11 

M 

if 

0 

1 

Total 

177 

141 

319 

10 

32 

u 

315 

79 

M2 

m 
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Table IX 

Observer von bkr N ienburcj. 40 Rounds of Strong SoumoNS 

1 *Htronjy* T =* stronger than the one in question 
“ 4- *’ = positive judgment of salt: 


4- pm-eilod by: -* jilmf. premled by: 


Sol in 

% NaOl 

weak 

T 

strung 

weak 

.strong 

o jdmt 
0 sol. 

1 

weak 

-h 

strong 

weak 

strung 

o jdmt! 
0 no L 

0.0%. 

0 

14 

0 

0 

3 

0 

22 

0 

0 

0 

0.1 

0 

14 

0 

1 

o 

() 

21 

0 

1 

1 

0.2 

1 

17 

1 

0 

2 

0 

17 

0 

1 

1 

0,3 

2 

24 

3 

0 

3 

0 

5 

3 

0 

0 

0.4 

7 

26 

a 

0 

2 

0 

2 

0 

0 

0 

0.5 

4 

30 

s 

0 

si 

o 

0 

1 

0 

0 

0.6 

10 

25 

3 

0 

o 

0 

0 

0 

0 

0 

0.7 

15 

17 

5 

0 

»> 

0 

1 

0 

0 

0 

0.8 

IS 

19 

5 

0 

3 

0 

0 

0 

0 

0 

0.9 

18 

13 

« 

0 

S 

0 

0 

0 

0 

0 

1.0 

lo¬ 

! 2 

o 

0 

S 

0 

0 

0 

0 

0 

u 

ss 

11 

4 

0 

s 

0 

0 

0 

0 

0 

1.2 

22 

1(1 

4 

0 

3 

0 

0 

0 

0 

0 

1.3 

21 

3 

4 

0 

2 

0 

0 

0 

0 

0 

1.4 

27 

(1 

12 

0 

1 

0 

0 

0 

0 

0 

1.5 

;u 

0 

7 

0 

o 

0 

0 

0 

0 

0 

Total* 

14 

125 

in 

I 

11 

0 

<18 

4 

2 

o 

Tot si It 

222 

225 

nil 

1 

38 

0 

till 

4 

*> 

2 

* First, <i. 

f All Hi 









olttui it it has boon preceded by a weaker Ilian if it lias been pre- 
coded by a stronger one, 11 * In the Hium* way ono can toll whether 
a particular stimulus is moro apt to la* judged salt if tho ono 
before it has boon judg'd salt. That is to say, wo may expect to 
soo a positive or a negative after effect from ono stimidus affect- 
big the judgment of tho next; and along witli snob a physiological 
al tor-rflVet there may lie a psychologies! tendency to reverse the 
preceding judgment or to repeat the preceding judgment, Table 
XIV presents some of the data upon this point which are included 
in Table XIII. Table XIV is directly comparable to Table VII 
on contrast. 

c* The data which were presented in Table VII are included in f \ Rdn 
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Table X 

Observer von deb Nienruiuj. 100 Rounds or Weak Bodutionb 

ht strong 0 = stronger than the one in question 
u + 1 * s= positive judgment of suit 


4- jtimf. pri*mU*tl by: jdmt, firweiltnl by; 


Bob in 
Of NiiCl 

wi*mk 

~ 4. ’ 

strong 

wwitc 

strong 

OJtlmi 

0 siol, 

. 1 
mmk 

+ 

strong 

wo;tk 

strong 

0 Jdm£ 
0 sol. 

o.ieT 

0 

2 

0 

7 

0 

0 

15 

0 

tie 

7 

0.025 

0 

1 

n 

5 

0 

(I 

la 

7 

05 

7 

0,0.1 

0 

#*#> 

1 

2 

l 

0 

21 

4 

Oil 

e 

0.075 

1 

0 

0 

0 

0 

l 


211 

40 

7 

cu 

0 

a 

0 

*:» 

tl 

0 

111 

27 

47 

6 

<U25 

0' 

1 

r» 

O 

u 

I 

IS 

21 

42 

7 

0,1.5 

0 

1 

3 

ft 

0 

i 

15 

34 

113 

7 

0.17*1 

g 

r> 

6 

7 

II 

2 

10 

42 

22 

5 

0.2 

0 

1 

12 

v» 

0 

2 

10 

41 

25 

7 

0.221 

I 

1 

Hi 

5 

tl 

4 

11 

10 

13 

<1 

0.25 

5 

5 

ID 

r 

tl 

It 

n 

1111 

13 

6 

0,275 

6 

2 

21 

O 

0 

7 

u 

112 

11 

5 

o.a 

5 

0 

20 

0 

1 

7 

4 

4 1 

*> 

6 

0.225 

7 

it 

ns 

2 

t 

5 

ti 

no 

«* 

7 

0,35 

15 

0 

14 

0 

0 

m 

0 

25 

0 

0 

Total 

43 

20 

107 

4 7 

5 

40 

170 

mu 

453 

05 


In tin* eases of observers Levy mul Note ware wo hoc a ten¬ 
dency to reverse tin* judgments from mo* time to the next (Table 
XIV U Any particular judgment in influenced by the strength 
of the precedingstimulus, ami also it is influenced by the expres¬ 
sion of the premium judgment If the I ant solution wan railed 
Bait the present one m not ho likely to be railed salt, regardless 
of the aetiial intensifies of tin* stimuli. Without fully milking 
it themselves, bofti of the, ho observers were doing n good deal of 
rather blind guessing and esieh of them wan railing any par- 
tieular solution Halt almost m often m not. < see Plate «k figs, 2 
and ft. j They seem to have been laboring under the impression 
(for which no just ideation could be ottered f that about half of 
tin* .solutions ought to fasti* salt, Such being their attitude, it 
is refleeted in this tendeiiey to keep things even by alternating 
positive and negative judgments. 
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Table XI 

Observer Levy. 80 Rounds op Weak Solutions 

44 strung” = stronger than the one in question 
“-f " — positive judgment ot‘ salt. 

-p jdmt. jmembnl by: **— jdmt, p nuHHled by: 

Sol. in *" *p -p , * "* a jdmt, 1 f — 0 jdmt. 

<}h NnOl weak Hlriing weak Ntrong 0 nob weak Htrong weak strong Gaol. 


0.0% 

0 

15 

0 

20 

0 

0 

19 

0 

21 

5 

0.025 

2 

0 

0 

0 

3 

3 

81 

2 

10 

2 

0.05 

1 

5 

5 

11 

*> 

1 

24 

6 

22 

8 

0.075 

3 

5 

I 

10 

3 

6 

10 

a 

14 

2 

0.1 

4 

4 

3 

0 

1 

6 

17 

1.5 

20 

0 

0.125 

3 

14 

14 

12 

2 

4 

16 

6 

7 

8 

0.15 

0" 

0 

«■ 

i 

12 

2 

5 

15 

11 

10 

3 

0.175 

6 

10 

0 

18 

4 

4 

8 

10 

8 

2 

0.2 

6 

0 

17 

6 

1 

18 

10 

0 

8 

4 

0.225 

13 

7 

10 

0 

e 

10 

3 

12 

10 

4 

0.25 

7 

5 

14 

7 

<> 

12 

0 

1.0 

1 

4 

0.275 

10 

5 

13 

3 

1. 

14 

5 

10 

6 

4 

0.2 

15 

5 

24 

2 

1 

0 

3 

in 

2 

4 

0.225 

17 

3 

22 

3 

»:> 

8 

1 

21 

0 

8 

0.25 

10 

0 

32 

u 

1 

14 

0 

18 

0 

6 

Total 

103 

102 

171 

137 

27 

108 

180 

171 

148 

53 


Observer Kohlberjr (Table XIII) allows a contrast effect; 
between the stimuli, like that of the others; that is, the prob¬ 
ability of a positive judgment is increased if the stimulus just 
preceding was weaker than the one in question. But there is 
also another tendency at work, for tin* contrast effect is not 
equally marked in all eases. When there is contrast, between 
two solutions, A and B, tin 4 observer is apt to attest the contrast 
by calling B salt if it is really sailer than A, or vivv versa, and 
this tendency exists without reyard to tin* judgment passed upon 
A; but the strikiny fact appears that this tendency is stronger 
if the judgment of A was mistaken. Normally 51 per cent of 
the judgments in this series are positive, but a ft or weaker solu¬ 
tions Ho per cent of them are positive; after weaker solutions 
which have been called ^saif’ 1 04 per cent of the judgments are 
positive (“salt while if the weaker preceding solution was 
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Table XII 

Observer Noteware. 40 Rounds of Weak Solutions 

“ strong ” = stronger than the one in question 
‘ 1 + 7 ’ = positive judgment of salt 


~t~ preceded by: _ — jdmt. preceded by: 


Sol. in 
% NaOl 

t ^. 

weak 

+ 

strong 

weak 

strong 

0 jdmt. -f* 

0 sol. weak 

-f* 

strong 

weak 

strong 

0 jdmt 
0 sol. 

0.0% 

0 

11 

0 

11 

1 

0 

12 

0 

4 

1 

0.025 

0 

3 

0 

6 

1 

2 

14 

1 

12 

1 

0.05 

0 

8 

4 

4 

1 

3 

11 

2 

5 

2 

0.075 

1 

6 

3 

6 

2 

0 

12 

3 

6 

1 

0.1 

0 

9 

4 

1 

3 

4 

9 

2 

8 

0 

0.125 

4 

7 

7 

6 

1 

3 

5 

2 

4 

1 

0.15 

2 

3 

7 

7 

1 

5 

7 

5 

1 

2 

0.175 

8 

4 

4 

7 

1 

2 

4 

7 

2 

1 

0.2 

7 

1 

9 

5 

2 

1 

5 

6 

3 

1 

0.225 

9 

1 

6 

4 

1 

5 

6 

3 

3 

2 

0.25 

7 

1 

7 

1 

2 

5 

3 

10 

2 

2 

0.275 

9 

3 

10 

5 

0 

5 

2 

3 

1 

2 

0.3 

11 

3 

5 

2 

2 

7 

4 

5 

1 

0 

0.325 

8 

1 

14 

1 

1 

6 

2 

5 

0 

2 

0.35 

9 

0 

11 

0 

2 

10 

0 

7 

0 

1 

Total 

75 

61 

91 

66 

21 

58 

96 

61 

52 

19 


called “not salt” only 78 per cent of the following judgments 
were positive. In other words, the effect of contrast between two 
stimuli is complicated by a tendency to repeat a judgment just 
made. This may be called a tendency to “iteration.” It should 
be observed, however, that the combined figures of Table XIY 
show a general tendency on the part of this observer in the oppo¬ 
site direction, i.e., to give more positive judgments following 
negative than following positive judgments. 

Two separate records are available for observer von der Nien- 
burg in this connection, one for the weak series and one for the 
strong series of stimuli. She was able to distinguish the salter 
from the less salt solutions very clearly in both series. In both 
series she shows the influence of contrast; more markedly in the 
strong series, where more than half of the solutions were clearly 
salt. At the same time the tendency to iteration is seen to be 


Showing what proportion of the judgments are positive when thi 
which have been called either “salt” or “not salt,” The numeral 
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very strong. The number of positive judgments after a weak 
solution, or of negative judgments after a strong solution, already 
relatively large as the result of contrast, is greatly increased if 
the judgment to be made is a repetition of the one just made. 
In this observer the tendency to iteration is at work when the 
solutions are so strong that most of them taste distinctly salt, 
and it is no less evident when the solutions are so weak that very 
few of them appear salt. 

Thus it appears that for the two persons who were capable 
of fairly reliable observations a combination of circumstances 
in which a negative after-effect is reinforced by the fact that a 
positive judgment has just been made is peculiarly likely to 
elicit a* positive judgment upon the next stimulus. In any event 
it is clear that the comparatively simple judgment involved in 
perceiving a weak stimulus is influenced by factors which lie 
wholly within the individual who is making the judgment. 
Whether or not a sensation will appear as the result of any 
particular stimulation depends upon the intensity of the stimulus 
and the state of attention; but it also depends upon other factors 
of a very different order. One of these factors, and an import¬ 
ant one, is the tendency to repeat the experience which has just 
been had. Even if the experience itself was illusory, it paves 
the way for another experience of the same kind. Not even the 
most elementary sense-experience appears in isolation. Its 
appearance is governed to some extent by the mental attitudes 
which precede and usher it into consciousness. 


b. The Influence of Surrounding Stimuli; A Central Factor 
which Dislocates the Threshold of Sensation 

The determination of the threshold is subject to another dis¬ 
turbing central factor. Compare the records for observers Levy 
and von der Nienburg on the weak series (Plate 3.) Both of 
them give more than 50 per cent of positive judgments on the 
two strongest solutions, but this fact does not have the same 
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significance in the two cases. Mr. Levy is habitually free with 
his positive judgments, so that there an' 4f> per cent positive even 
in the case of pure water. In his ease, therefor, the aO per cent 
point is at the very beginning of things. On the other hand, 
Miss von der Nienburg is always chary, in this series, of positive 
judgments, and when she gives as many as fifty out of a hundred 
we may be sure that she has a large number of dear sensations, 
for she does not often report salt unless there is some there. Hut 
if we turn to the subsequent record of this same observer tv.d.N.) 
with the stronger stimuli, we find that she also can be prodigal of 
positive judgments under the influence of a relatively large num¬ 
ber of positive sensations (Plate 2.) In the weak series* whim 
the stimulus was water, die gave only nine positive judgments 
of salt out of one hundred; ami for the solution of HI per cent 
she gave only five; in the strong series she gave seventeen out of 
a possible forty positive answers for both wafer and the solution 
of 0.1 per cent. In the weak series the ho per cent threshold 
would fall on a solution of 0.32h per cent ami in the strong series 
it would fall on slightly under 0,2 per cent. <>r, stating the 
same relations somewhat differently, the hu per cent threshold 
stimulus of the weak series gives almost HO per cent positive 1 
judgments in the strong series, It is, of course, out of the ques¬ 
tion to suppose that the sensitivity of the observer is appreciably 
different in the two series, On the contrary the greater number 
of positive judgments on weak stimuli in the strong serif* must 
be ascribed to the* inertia of judgment by which this observer is 
led to give an undue proportion of judgments of the kind that 
are already predominant in tic* series.'- 4 ’* 

Let us see how the matter stands for observer Noteunre, who 
was the only other one taking part in both strong and weak 

no That this phenomenon does not depend tipoti special cioobfiom of 

time and place may be seen from an Impeidion *4’ some *4 the data long 
since reported by Oamerer (Ztm'ii* f, ltu*L t \ot. U* tHpt, j», *144n lit mm 
of bin endeavors to reach a threshold, tLiitig a 7 noifhmder gbrn tube 
to apply the solution, he tried wen her and weaker sobitiom *»ft ‘oo’cevuve 
days with the peculiar result that the weaker xtdutmrtn of one day gave 
as many positive answers as the stronger one 1 ** of I lie day before, Ip' 
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series. In the strong series she gave, out of forty cases: 

for water 0.0% 3 positive “salt” answers 

for solution 0.1% 8 

0 . 2 %. j 

0.3% 1 

But in tho weak series she gave, again out of forty cases: 

hu‘ water 0.0% 22 positive answers 

for solution 0.1% 17 

0 . 2 % 23 

0.3% 23 

In the strong series, which came first with her, the 50 per cent 
threshold stimulus is stronger than a solution of 0.6 per cent. 
This is eonsidendily .stronger than the strongest solution to be 

condensing his table we gut the following: 

hay 2nd day 3d day 4th day 

% ' r % JX)8. % pos. 

*'* «*dt J<hut. Still jdmt. % stilt jdmt. % salt jdmt. 

0.39 09 

0.31 01 

0.25 21 0.2H 71 

0.00 23 0.22 00 

O.I9 32 


0.00 

27 

0.14 

04 





0.12 

49 





o.n 

28 

0.11 

32 



0.00 

15 

0,10 

20 





0.09 

8 





0.00 

n 


Prom this it appears that tin* .solution of 0.20 per coat, whiedi was the 
strongest, on the second day* gave as many positive judgments as were 
given by the solution of 0.29 per cent which was the strongest of the 
preceding day, ami gave, more than twice as many positive judgments 
as it had itself given on the preceding day when ft was the weakest In 
the series. The phenomenon continues very strong for three days, dis¬ 
appearing on 1 ho fourth; but on a later occasion a solution as weak 
as the weakest in the series of the fourth day gave 79 per cent of right 
answers for the same two observers, or more than even the strongest solu¬ 
tion of the previous days. It should ho noted that the ability to detect 
water remains about the same from day to day, so that the increasing 
number of positive judgments on the weaker solutions really means a 
keener power of discrimination between water and salt. (Jamoror him¬ 
self attributes this phenomenon in part to practice, but in part to ^un¬ 
conscious comparison*” between tho various solutions tasted on any one 
day. 

‘ For these two observers the * 4 absolute threshold ’ ’ depends very 
largely upon thi' strength of the solutions entering into the series upon 
which* the tests are made. The threshold is lower in a group of weak 
sol tit ions than it is hi a group of stronger solutions. 
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found in the weak series, and yet when she comes to the weak 
series she gives 50 per cent or more of positive judgments on 
ten out of the fifteen solutions. It will he observed that these 
data are not in agreement with those from observer von der 
Nienburg. The latter gave more positive judgments and had a 
lower nominal threshold in the strong series. But observer Note- 
ware gives more positive judgments and has a lower nominal 
threshold in the weak series. In this case we know that all the 
solutions in the weak series are well below what seems, by a 
fair determination, the threshold in the strong series. The subject 
herself felt that she was doing little more than guessing in the 
weak series, and a mere glance at the graphic representation of 
the data (Plate 3, fig. 3) shows that her feeling was justified. 
She was actually working with intensities which were, in one 
sense, below the threshold. Yet she could give more than fifty 
positive judgments to the hundred. It should be noted also in 
this connection that she gave more positive judgments on the 
seven strongest solutions than she did on the seven weakest, so 
that there is still a threshold of difference represented within 
the series. But as a consequence of the disconcerting nature of 
the situation she fell back upon guessing, and as a guide in her 
guessing she seems to have been inclined to make the supposition 
that about half of the solutions contained salt and the other half 
not. There are 314 positive judgments out of the possible 600. 

It is apparent in a case like this that the mere fact that some 
stimulus is called salt more often than not salt is in itself no 
proof that the stimulus in question is above the threshold of 
sensation. Other factors may be responsible for the preponder¬ 
ance of positive judgments. Judgments must be accounted for 
psychologically as well as psyehophysically, and one of the most 
important of the psychological conditions which must be con¬ 
sidered is the magnitude of the other stimuli which are subject 
to judgment in the same series. The discovery of the importance 
of this particular factor was one of the most conspicuous results 
of the writer’s investigation of the judgment of difference (page 
51 of this volume). 
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It appears from what has just been said that the observers 
who worked with .both strong and weak solutions maintained 
different attitudes m the two series, showing that their judgments 
were affected by the total group of stimuli so as to be disturbed 
with regard to any member of one group that might be trans¬ 
ferred to the other group. This is best seen in the ease of 
observer von der Nienburg, who increased the number of positive 
judgments upon weak stimuli when she was making a good many 
positive* judgments in the series. 21 

Observer Noteware seems to have been seriously influenced 
by the general proportion of the judgments. She gave always 
about as many positive as negative judgments; so that, when 
she name* to judge very weak stimuli, she gave several times as 
many positive judgments upon certain ones as she had given 
upon the same stimuli when found among stronger solutions. 
Some place had to he found for .what she felt to be the proper 
proportion of positive* judgments, and they fell by chance all 
along the scale*, piling up whore otherwise there would have been 
very iVw of th<*m. 

I hiring the* e*ourse* of the experiment, all of the observers were, 
from day to day and more or less steadily, inelined to change their 
opinion as to the* number of salt solutions in a series. What the 
grounds of this change were eloes ne>t appear. Perhaps there was 
merely a shift fremt a comparatively unfounded prejudice to 
an opiniem better in aee.ord with the actual sensations. 

Table* XV shows the* pe*rec*nt;age of positive judgments made 
by each of four observers at each successive sitting during the 
course* of the* experiment, Observer Levy shows a good deal 
of irre*gular fluctuation; on some*, days theme were more positive 
judgments, on e>thers Ie»ss. Much results might be due to fluctua¬ 
tions in the eemdition of the* observer, to more* local conditions in 
the* mouth, or to the* we*athe*r. Observer Noteware gives about 

This tendency in associated with the tendency to repeat a preceding 
judgment, which ban been discussed already in a previous paragraph. 
When once if in found that one type of judgment; is more frequent than 
the other type in a sortea, the tendency to iteration will result in a still 
further increase in the* number of judgments of the predominant type. 
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what irregularly from day to day, but in general she gave fewer 
positive answers as the work progressed from week to week. 
Miss von dor Nienlmrg gave many more positive judgments in 
the preliminary experiments with the weak series of solutions 
than she did later on. The table shows, in the column for weak 
stimuli, that, after tin* third day, there was no further regular 
shift in the altitude of this observer. The attitude finally 
assumed required about one positive judgment to four negative 
judgments. There was a larger proportion of positive judgments 
on some days and a smaller proportion on others, but there was 
no further systematic change during the eourse of the experiment. 

When observer von der Nienlmrg came to take up the series 
of stronger solutions, her attitude underwent a change in this, as 
in other respects. In this series she gave, on the average, more 
than four positive judgments to one negative judgment, and 
there was a tendency to increase the proportion of positive judg¬ 
ments after the first day. From the data it is dear that this 
observer required two or three sittings before becoming adjusted 
to the conditions of the experiment, or before becoming adjusted 
to changed conditions, but that when once she had assumed, an 
attitude toward (‘it her series she showed no disposition to disturb 
the normal ratio between the numbers of positive and negative 
judgments. 

Those shifts in tin* general proportion of positive and negative 
judgments are sigriibeaut boeause they involve a corresponding 
shift in the apparent position of the threshold. When there is 
a larger total number of positive 1 judgments in the series, there 
will be more of them nil each member of the series, and tin* result 
will be that a solution will appear to he above the 4 , threshold, 
whereas tin* same solution would appear to be below the threshold 
if the total number of positive judgments in the series, and con¬ 
sequently on that solution, wove reduced. 
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Y 

THE INTERPRET A TTON OF THE THRESHOLD OF 
SENSATION IN VIEW OF THE DISTURBING 
CENTRAL FACTORS 

There are at least two ways of defining intelligibly the 
threshold of sensation. The first, which may be called the physio¬ 
logical, regards it as an intensity of stimulus so weak that any 
weaker stimulus of the same kind would produce no sensation 
or reaction at all. 22 

Obviously there are stimuli so weak that they are never appre¬ 
hended by the sense-organs, but it does not follow that there is 
any discoverable and measurable stimulus which is just strong 
enough to be apprehended. Certainly an inspection of typical 
curves of the distribution of judgments such as we have in the 
accompanying plates gives no warrant for asserting that we can 
ever find a definite stimulus just strong enough to provoke a 
positive judgment. The first impression produced by these curves 
is that every stimulus, no matter how weak, is capable of produc¬ 
ing a sensation, but that the stronger ones are more apt to do so 
than the weak ones. But there are numerous details to be con¬ 
sidered before finally adapting this interpretation of the curves. 

One of the peculiar things about the curves (see Plates 1 ahd 2) 
is that some of them start from a comparatively elevated plateau 
instead of starting off low when the stimulus was pure water 
and thence increasing steadily the number of positive judgments. 
It will be seen that most of the curves which are otherwise regular 
do proceed in a regular staircase fashion from the very beginning. 
But the exceptions are worthy of consideration. The record of 

22 A direct statement of this point of view may be found in Titchenei, 
Experimental Psychology: Student 7 s Manual, Quantitative Introduction, 
p. xxxvii. The general assumption that “a stimulus must attain a cer¬ 
tain magnitude in order to arouse a sensation at all 77 is so universally 
made that other authorities need not be cited. 
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observer Bates (Plate 1) is typical in this regard. While they 
are regular enough so far as the stronger solutions are concerned, 
there is a plateau representing the judgments on the five weakest 
solutions. Each of these solutions, including water and the 
strongest of them being 0.4 per cent, is called salt in 25 per cent 
or more of the eases. In the ease of observer Whisman (Plate 2) 
the plateau is not elevated; instead there is no rise whatever in 
the curve until a solution of 0.4 per cent is reached. 

In the lirst of these east's it may be that the taste of the water 
is strong and that, it is confused with the taste of salt. As the 
dose of salt is increased it does not increase the taste of the water 
but does gradually submerge it. So, according to this strictly 
hypothetical explanation, the first few solutions would all have 
a taste, interpreted as salt, but really a mixture of salt and the 
Wilier taste, and all these solutions would have about the same 
taste until the salt became strong enough to be tasted alone, over 
and above the taste of tin 1 water. Unfortunately no record was 
preserved of this observer’s separate estimate of the taste of 
the water. It may be presumed that; the whole record of observers 
I j<*vy and Not aware with tin* weak solutions (Plate 3) is nothing 
more than the nearer view of such a plateau at the beginning of 
the curve before any true positive east's begin to appear. Observer 
Note ware shows a tendency to form such a plateau even in the 
stronger series (i.e., in Plate 2) and shows also, as many others 
do— the dearest example is seen in the weak series for observer 
von tier Nienburg (Plate 3) -a slight tendency to confuse the 
taste of water with salt, anti to find a very weak salt solution 
more tasteless than water."* 1 

A somewhat, similar hypothesis may be advanced with more 
certainty to account, lor the plateau at the base line in the case 
of observer Whisman. This observer was familiar with the dis¬ 
agreeable taste of the water and frequently said “that’s water” 
with an emphasis that, denoted more* than the mere absence of 
.salt. Now since the water is dearly recognized for itself, it 
olme.uros the salt, taste until that becomes strong enough to be 

-** Per a ctimiUHHhm of tlio taste of water see Appendix I. 
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detected over the water. In other words, we seem here to be 
dealing with a case of discrimination between nearly comple¬ 
mentary tastes; and in the four weak solutions the taste of water 
is recognizable each time, then it is not recognized so often, next 
there is a sudden leap to cases where salt is recognized in a 
majority of the cases, and finally there are three solutions in 
which the salt is recognized every time. It is conceivable that 
similar results might have been obtained from other observers 
if they had been equally familiar with the water taste and had 
differentiated it from, instead of confusing it with, the salt taste. 

On the whole, the records which are the most consistent within 
themselves, and which seem to have been taken under the most 
favorable circumstances so that there are few stimuli which are 
unnecessarily strong and yet enough strong ones to give a fairly 
large number of clear positive judgments, show regular increases 
in the number of positive judgments, beginning with water or 
the most tasteless mixture of water and salt. Thus the record 
of observer von der Nienburg for one hundred rounds of the 
weak series (Plate 3) shows only one positive judgment for a 
solution of 0.075 per cent (the weaker solutions had a stronger 
taste arising from the water, or at any rate, were more often 
called salt), but from that point on each increase of one quarter 
of one per cent in the strength of the solution increases the 
number of positive judgments with almost perfect regularity. 
In this case it seems certain that every intensity of stimulus 
employed has produced at times a salt sensation with the excep¬ 
tion of the 0.075 per cent solution which is nearly neutral, and 
the weaker ones, which, while they seemed to taste salt, probably 
produced a somewhat different sensation. Data of the same type 
are given by observers Robinson and Noteware for the stronger 
stimuli. Other examples of what appears to me to be the normal 
situation are found in the records of observers Kohlberg, Jack- 
son, and Libbin. All of them show a quite regular stepping-up 
from the weakest solution to the strongest. Several other instances 
show the same regular stepping-up but involve a considerable 
number of positive judgments on even the weakest solutions; 
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for example, observers von der Nienburg (strong series), Better 
and Ham. Whatever the reason for the excess of positive judg¬ 
ments on the weakest solutions, it can not be adduced to prove 
that it is possible to measure the weakest solution which can be 
tasted. The easiest explanation of the positive judgments on 
water and weak solutions would be that the water tasted salt, 
but this hypothesis is inconsistent with all the direct observations, 
and it would not hold for observer von der Nienburg. A more 
psychological explanation has already been advanced in her case, 
namely, that the large preponderance of distinctly salt solutions 
created a tendency to call a large proportion of all of the solu¬ 
tions salt. 

All of the data obtained have now been reviewed. Of the 
thirteen records, two cases (Bates, Whisman) seem to indicate 
the existence of intensities less than the weakest which can be 
perceived, but there is evidence that this interpretation is not 
the only one open; two cases (Levy, Note ware, weak stimuli), 
are badly confused by the absence of clear salt sensations in the 
series, and are capable of explanation either as cases of unper¬ 
ceived stimuli or in another way; six (Libbin, Jackson, Kohlberg; 
von der Nienburg, strong; Better, ITam), show no trace of an 
unperceived intensity; three (von der Nienburg, weak; Noteware, 
strong; and Bobinson), show a saline solution or two which is 
not perceived as salt, but do not indicate that there is a class 
of solutions too weak to be perceived. 

The distributions of judgments reported by Camerer 24 —the 
only ones hitherto made which are at all comparable with the 
present work in respect of the number and intensity of the stimuli 
employed—do not show any imperceptible intensities. The data 
from three of Camerer’s four observers are presented in Plate 4 
in as good a graphic form as I can devise for them. The fourth 
observer shows no characteristics not found in one of these three. 
Only the results of the method “without knowledge” are con¬ 
sidered. Each observer made fifty rounds of judgments on the 
set of nine solutions. The unit solution was only 0.0159 per cent 

24 Ztschr . f. Biologie, vol. 21 (1885), p. 578, 



















240 University of California Publications in Psychology 1T 0L * 1 

and the weakest was only one-eighth as strong as the unit. It 
will he seen that although these intensities are much less than 
those employed by me (but the quantities administered are ten 
times as great), the curves both for number of right judgments 
and for right judgments plus half the number of uncertain judg¬ 
ments, begin to rise from the weakest solutions and rise gradually 
as the solutions become stronger. Even the weakest solutions 
(0.002 per cent and 0.004 per cent) are not exactly equivalent 
to each other or to water. With regard to the absolute inten¬ 
sities here, allowance should be made for the fact that Camerer 
worked with 1 ‘ Brunnenwasser, ’ ’ which contained an unspecified 
but appreciable quantity of lime. The fact remains, however, 
that very minute increments of salt did influence the number of 
positive judgments on this water. 

A second view of the nature of the threshold seeks to place 
it at some point on a scale midway between the intensity which 
is just barely strong enough to produce a sensation and the 
intensity which always produces a sensation. From the nature 
of the disturbances of judgment by the central factors discussed 
in the last few pages, it should be clear that the threshold can 
not be located by arbitrarily deciding a priori that a stimulus 
above the threshold ought to be perceived in more than half 
or more than three quarters of the cases. Whether a given stim¬ 
ulus is perceived in half or in three quarters of the cases depends 
too much upon irrelevant accidents like the presence of too few 
or too many strong stimuli in the series in question. It should 
be noted particularly that the 50 per cent and 75 per cent 
thresholds here have a different meaning from that which they 
have in the case of the difference threshold; for when one is com¬ 
paring two intensities his judgment is as apt, by mere chance, to 
fall one way as the other, but there is no such easy law when one 
is looking out for a sensation. One might, indeed, suppose that 
the series had been so prepared that half of the solutions would 
taste salt and half not, and in that case the chances would be 
even that any particular solution would or would not taste salt. 
But our observers were cautioned that no such arrangement was 
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contemplated, and that the differences between individuals would 
make such an arrangement impossible. 

In the case of the difference-threshold 50 per cent of right 
judgments represents the minimum of discrimination, but in the 
case of the absolute threshold 50 per cent means pure hit-and- 
miss for one person (the one who merely guesses, upon the sup¬ 
position that about half will taste salt), while for another person 
50 per cent means a high degree of assurance compared with 
the 10 per cent or 20 per cent of positive judgments accorded 
to weaker stimuli. 
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VI 

A MEASURE OF SENSITIVITY PRO I ’OS EH AS A SUB¬ 
STITUTE FOR THE CONVENTIONAL 
THRESHOLD 

Ls there then any loss arbitrary method of establishing a 
threshold of sensation anywhere between the stimulus whieh is 
always perceived and the one which is never perceived'? The 
way to answer this question in the affirmative is much simpler 
than I, for one, had any expectation of finding it. It appears 
from the observations in this ease, as generally, that when the 
intensities in a series advance by arithmetical (equalt steps, tin* 
number of positive judgments advances at first slowly, with 
very weak stimuli, then more rapidly, and finally, with strong 
stimuli, more slowly again until it stops entirely. In the con¬ 
ventional way, used in this paper, of representing the steps 
graphically, the steps are all of one width, but they are highest 
in the middle and become shorter at both top ami bottom of the 
stairs. This is all in accord with Weber's Law, and may indeed 
be in accord with Feehner if it can be shown that the magnitudes 
of the steps follow a logarithmic series. 

In such a graphic representation one step in the middle ot 
the curve is higher than any of the others and marks the point 
where the curve turns from eoueave to convex. Without pre¬ 
cluding in the least, a more exact determination of this critical 
point by the application of the ealeuitis we may approximate it 
graphically. Once it has been discovered, it proves to he an 
admirable substitute for the conventional threshold. 

This point can Ik* defined precisely and has exactly the same 
significance for every person and for every kind of stimulus. It 
corresponds to the intensify of stimulus from which a change 
of a given amount will Ik* most frequently or easily recognized. 
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This point can bo determined in a comparatively small number 
of trials, provided the series contains enough different inten¬ 
sities, embracing both extremes of the scale and arranged in 
an arithmetical progression. 

The peculiar advantage, of this measure of sensitivity is that 
it is independent of the constant proportion between the positive 
and negative answers, and also independent of the errors which 
accumulate near the extremes of the scale as the result of imper¬ 
fect attention. Thus, an observer may double the total number 
of positive .judgments all along the scale as the result of some 
of the disturbing factors which we have found in actual opera¬ 
tion, without affecting in tin; least; this crucial point. So, too, 
omi may give very inconsistent judgments upon very weak or 
V(>rv strong stimuli, and still it; will remain possible to determine 
accurately the threshold aeeording to this method. 

Mere inspection of the graphic representation of the data will 
often suffice to determine such a crucial point; for example, the 
curve for observer Whisman (Plate 2) gives an undoubted 
threshold between 0.7 per cent; and 0.8 per cent, the steps above 
and below this step an- much smaller, and this single step reaches 
from 2f> per cent of correct, judgments to 77 per cent; the 0.7 
per cent solution and all the weaker ones are very weak or 
subliminal (only rarely recognized); the 0.8 per cent solution 
ami all Ihe stronger ones are very strong (almost always 
recognized). For observer von der Nienlmrg (strong solutions, 
Plate 3) tin- crucial point lies between the 0.2 per cent and 
(>.:t per cent, while for the same observer when using the weak 
stimuli (Plate 2) it, may he placed between 0.3 per cent and 
t he next, stronger solution, hut here the data arc not adequate. 
For observer .Inekson (Plate 2) it may he placed between 0.7 
per cent and 0.8 per cent. For observer Del,ter (Plate 1) between 
().:{ per cent and 0.4 per cent, and for observer Noteware (strong 
series, Plato 2) between 0.5 per cent and 0.6 per cent. In these 
lat ter cases the crucial point, can safely lx; placed at the apparent 
center of the group of largest steps, even though the particular 
Step at, the center happens to be comparatively small. It may he 
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seen at once, however, that these determinations are only approx¬ 
imate. No great accuracy can be expected from work of this sort 
carried out by novices and continued only for a few sittings (the 
forty-round series usually required only five sittings). All that 
is claimed for this crucial point is that, with due regard for 
the validity of the data from which it is obtained, it has psycho¬ 
logical significance as a substitute for the conventional threshold. 


Table XVI 

Array op Steps for Different Observers 

Showing the increase in the number of positive judgments resulting 
from an increase of 0.1 per cent in stimulus intensity. 
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-2 
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1 
0 
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* mtermeuiate utstweexi icugo 

3 This ease is highly doubtful. There is no safe ground for choosing 
between the maxima at 0.4-0.5 and at 0.8-0.9. The critical point is 
assigned to the position half way between the two maxima only because 
some position is desired as a basis for averaging later. 

4 The steps are too coarse for an accurate determination. 

B Errors at this stage make the next step extraordinarily large. 
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In practice we have no need of exceedingly delicate determinations 
of sensitivity. If such need does arise, however, it can be satis¬ 
fied only by the accumulation of statistically valid data, not by 
over-refining on inadequate data; and even in that case it will 
be found, I am sure, that the simple method here suggested gives 
a threshold the precision of which is commensurate with the ade¬ 
quacy of the data. For any given number of experimental 
observations this method has the advantage over the usual 
methods of determining the threshold, that it is not subject to 
errors from the inclusion of the observations on the strongest 
and weakest stimuli. As a result of disturbances of attention, 
the observations on these strong and weak stimuli are not as 
reliable as are observations upon stimuli of moderate intensities. 

In some cases the superficial inspection of the curve is helped 
out by a perusal of an array of the arithmetical magnitudes of 
the steps. Such an array is shown in Table XVI for the ten 
records from the stronger series of salts. It may be seen again 
that it is much simpler to find the largest step, or the center of 
the group of largest steps, than it is to find the true zero at either 
the top or the bottom of one of the columns of figures. It is 
of some interest further to find how the threshold discovered by 


Table XYII 

Showing the per cent of positive judgments corresponding to the 
threshold as determined by the largest step in the curve. 


Observer Largest step lies Per cent positive jdmts. 

Bates between 0.7% and 0.8% between 50% and 63% 


Better 

0.3 

0.4 

50 

65 

Ham 

0.3 

0.4 

57 

73 

Jackson 

0.7 

0.8 

57 

56 

Kohlberg 

0.5 

0.6 

35 

55 

Libbin 

0.6 

0.7 

47 

57 

Note ware 

0.5 

0.6 

37 

48 

Robinson 

0.2 

0.3 

5 

50 

von der Nienburg 

0.2 

0.3 

52 

80 

Whisman 

0.7 

0.8 

25 

77 


Average 


0.47 


0.57 


41.5 


62.4 
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this method is related to the one obtained by the conventional 
50 per cent method, which assumes that a stimulus is above the 
threshold if it is detected in more than half of the eases in which 
it is presented. 


Table XVIII 

Showing the average size of the step at the critical point and fur 
intensities above and below the critical point. Compare Hate 3 t tig. -1. 
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Note.—S ince two of the critical points lie at tin* second ami third 
members of the series, they give no values for the third step below Urn 
threshold. Two others would give no values for a fourth stop below, and 
three would give no values for an eighth step above the critical mu'. 


Table XIX 


Average number of positive judgments out of 40 given by HI observer# 
on 16 strong solutions. Compare Plate 2. 
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Table XYII shows that the conditions under which the 
observers worked with the strong stimuli were such that the 
crucial point, as determined by an inspection of the curves, 
generally lies in the neighborhood of the intensity which yields 
fifty positive judgments per hundred. Making a crude average 
of the ten determinations, the threshold is found, for the group, 
between a solution of 0.47 per cent and one of 0.57 per cent. The 
former yields on the average 41.5 positive judgments per hundred 
and the latter 62.4. If the crucial point is placed half way 
between them it will yield 52 positive judgments per hundred. 
The agreement between the two modes of determination holds 
roughly for each individual case in the sense that the step con¬ 
stituting the crucial point either bridges the stimulus which 
would yield 50 per cent of positive judgments, or else has as 
one of its limits an intensity which yields very nearly that pro¬ 
portion. The worst departure from the rule is found in the case 
of observer Ham, for whom the point is found clear above the 
57 per cent level. Inspection of the record will show (Plate 1) 
that there is justification for thinking that the crucial point has 
been placed too high in this case. 

Experiments with weaker stimuli lead to the conclusion that 
the correspondence just spoken of is the result of the particular 
arrangement of conditions and is not inherent in the nature of 
the threshold itself. The determination for observer von der 
Nienburg with the weaker solutions gives a much lower number 
of positive judgments in spite of the fact that the solutions 
selected as marking the crucial step are stronger in this case. 

Weak series, crucial step between 0.3% and 0.325% yields between 36% 
and 50% of positive judgments. 

Strong series, crucial step between 0.2% and 0.3% yields between 52% 
and 80% of positive judgments. 

So, too, the data from observers Levy and Noteware indicate 
that more than half of the judgments may be positive without 
reaching a threshold. 
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Before leaving the subject of the threshold it may be worth 
while to call attention to the results obtained when a whole 
group of persons is examined in the mass. Combining the sep¬ 
arate determinations for the individuals, we obtain from the 
average a measure of the sensitivity of the group. The crucial 
point for the group lies between an intensity of 0.47 per cent and 
one of 0.57 per cent. It is therefore about twice as high as 
the threshold intensity usually given as determined by the 
“physiological” method, i.e., the weakest solution which can be 
tasted at all. 25 

We may also measure the average size of the step determined 
upon as the crucial one as in Table XVIII. This is found to be 
8.2. That is to say, on the average, out of forty possible judg¬ 
ments, the solution just above the crucial point receives eight 
more positive judgments than the one just below. And further, 
if we obtain, by averaging, the size of the steps on each side of 
the crucial point, we see more clearly than in any individual 
ease that the steps decrease in size as the solutions become 
stronger or weaker than the threshold intensity. This is shown 
graphically in Plate 3, fig. 4. No particular mathematical val¬ 
idity can be attached to this average, however, because, of course, 
the steps are of very different values for the different observers 
and so should not be equally weighted, as they here are; but it 
seems to support the theory upon which the present method of 
approximating a threshold is based. 

From Table XIX, giving in full the number of positive judg¬ 
ments made by each observer on each solution, it is possible to 
obtain an average of the number given by all the observers for 
each solution. A graph representing this average and con¬ 
structed like the graphs representing the individual records is 
shown at the bottom of Plate 2. As might be expected, most of 
the significant features of the individual records are hidden 
under this average. One can see, however, that each increase in 
the strength of the salt solution increases the frequency with 
which the salt is observed. There is only a trace of a crucial 


25 See Appendix IX 
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point left between 0.4 per cent and 0.5 per cent (the average 
of the different determinations falls between 0.47 per cent and 
0.57 per cent), in the neighborhood of the stimulus which 
is perceived in half of the eases (the 0.5 per cent solution). The 
various determinations of the crucial point for different individ¬ 
uals are scattered over the entire middle range of intensities, 
giving to the average curve the appearance of a series of almost 
equal steps in this region. Only when we come to the strongest 
and weakest solutions, which are never liminal for anyone, does 
it become evident that the size of the steps decreases as we depart 
from the threshold-intensity in either direction. 
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VII 

CONCLUSION 

A systematic attempt to analyze the conditions under which 
judgments are made in a typical instance in determining an 
absolute threshold of sensation leads to the conclusion that such 
a determination is fruitless it conducted along the customary 
lines* Not only are successive judgments upon weak stimuli sub¬ 
ject to contrast-effects in a marked degree, but they are also dis¬ 
turbed by a tendency to repeat; or contradict a previous judgment. 

Moreover, the judgments are so affected by the general trend 
of the earlier stimuli and judgments in the series, that by 
judiciously arranging two sets of stimuli tin 1 same person can 
be made to appear to have a high threshold in one sot and a 
low one in the other set. 

In view of these difficulties some plan must be devised tor 
measuring the delicaey of sense-pereeption in a more reliable way. 
The graphic representations of the distribution ol the judgments 
of individual persons invites our attention to tin* tact, long estab¬ 
lished, that equal increments of stimulus intensity do not earry 
with them equal increases in tin* number of positive judgments 
representing sensation. At some point in the seale of stimulus' 
intensities a given increase in intensity has the etieet at producing 
a maximum increase in positive judgments. This critical inten¬ 
sity can be discovered with comparative ease, and its determina¬ 
tion is not affected by the errors which vitiate the determination 
of the least perceptible stimulus. 

It is suggested that this critical point in the stimulus series 
be taken jus an index of tin* delieaey of sense perception. It 
would be idle to talk of abolishing the least perceptible stimulus 
as a standard index, but we should recognize its inadequacy and 
should be ready to adopt a more rational and consistent index, 
not perhaps as a substitute but as an auxiliary, when we are 
seriously endeavoring to measure accurately the endowment or 
condition of individuals with regard to the mechaiiLsifts of sense- 
perception. 
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APPENDIX I 

The Taste op Distilled Water, Including an Account op a 
Direct Experiment upon the Subject 

The water used in this experiment, although “pure” accord¬ 
ing to ordinary standards, was by no means tasteless. All of 
-fctio observers noted that the water had an undefinable, slightly 
disagreeable, taste; but none of them would admit that it tasted 
either salt, sweet, sour, or bitter. Some of them described the 
water as “Hat,” others as “musty.” An inspection of the curves 
in the plates reveals the fact that several persons had a tendency 
-to call the water “salt” (unknowingly) more often than some 
of the weakest, salt, solutions. In other words, the taste of the 
water is mistaken for salt, lmt can be compensated for by salt— 
ii rather contradictory state of affairs. Titchener, in his Experi¬ 
mental Psychology, vol. 1, pt. 2, p. 101, speaks of neutralizing 
t;ho water by the addition of a little salt in case it tastes sweet 
or Hour. But; he does not think that salt will neutralize a bitter 
■taste in the water, and he does not consider the possibility just 
broached of neutralizing a salt taste by the addition of salt. At 
any rate he does not think distilled water ever tastes salt, and 
in this he is undoubtedly correct, notwithstanding the fact that 
its t,:ist,e is sometimes confused with that of salt. 

A direct, investigation of the taste of the water used in this 
experiment was instituted, and it reveals the fact that most per¬ 
sons call it bitter rather than anything else. In this investigation 
ji single set of judgments was secured from each of one hundred 
persons. These observers tasted from a porcelain spoon one cubic 
centimeter of each of nine solutions in the following order: 

1 . 2.0% salt 6. 0.0625% salt 

2. 1.0% salt 7. 0.0% salt 

3 . 0.5% salt, 8. 0.0% salt 

4 . 0.25% salt 9. 0.0% salt 

5. 0.125% salt 
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They were told that they would first taste salt and that the sue- 
cessive solutions would be weaker and weaker, and that they 
were to report in every ease just what they tasted, whether salt 
or anything else. The experiment purported to diseover the least 
perceptible intensity of salt solution. Aggregating the results 
for the three doses of water which contained no salt wo have the 
following distribution of judgments: 

No 11 wittor M 40„*t per font 

Bitter ............ ,,, .... „ . ISVf per mil 

Sweet . H»ti per rent 

Unknown ...... 7*0 per rent 

Other taste (known) .... 4.n per mtt 

Halt ..... Xu per rent 

Bout ... , , XT per rent 

It seems eertain that thin particular water does nut taste Half* 
Making allowance for the lanre number of university at talents 
who are familiar with the water and immediately put it down 
an “no taste, 7 * simply because they have been tauwht that that 
is the proper tiling to say about distilled wafer, there ran be little 
question that the water is slightly bitter fur must persons. 

The experiences of othei experimenters help, by their diver** 
sity, to explain tin* difficulties wliteh eon fronted ostr observers 
when they wen* asked to pass judgment on tin* taste of the water 
or of extremely weak solutions of salt in the wafer, Kielmrds 
speaks of a double-distilled water as beittq unusually tasteless,** 
hut so far as I know there is no evidence that additional purity 
involves a loss of taste; in fuel we should expert that if the fast** 
depends either on the ehemieul constitution of the water or on the 
absence of oxygen ft lie two principal lines of explanation i an 
increase of purity would i nr reuse the taste, On tie* other hand 
Nagel surest s that the < for him* hitter taxfr of water may he 
due to the floating of particles of matter which are already pres- 
ent in the mouth on to new locations when* they are tasted, In 
that ease the purify of the water would have nothing to do with 
its taste, and it is a little difficult to see how stimulation of sin vie 
papillae by water can produce a taste, Hut Klexow eh well as 










1914] Brown: The Judgment of Very Weak Sensory Stimuli 253 

Camerer found that water tasted bitter at points all over the 
tongue when applied in a pnnctiform manner. 

Kahlenberg is the only authority that I can find willing to 
assert that “pure water is tasteless.” His reasons for thinking 
it ought to be are good, but I question the accuracy of his obser¬ 
vation. Keppler could detect no taste in distilled water, but he 
discovered a smell, which is worse. Kiesow does not attribute 
the taste to the water itself but to the mouth. The permanent 
mouth-taste is generally bitter, he thinks, but there may be a 
sweet after-effect from salt or sour. Under no circumstances does 
he discover salt in this mouth-taste. 

Bichet shares the opinion of many when he remarks that dis¬ 
tilled water has ‘ ‘ a very disagreeable taste’ ’ which it is hard to 
disregard. On the other hand Largier des Bancels thinks that 
it is sweetish, although he will admit that it may be fade. The 
latter quality is generally unpleasant, I believe. 

Camerer, who devoted his youth and his middle age, if not 
more of his life, to this subject, has made some very acute obser¬ 
vations. Clean snow-water he found to be ideal, but it is not 
easy to obtain. The apothecary's distilled water smelled of the 
still. Water from the Danube, even in its mountain reaches, also 
smelled. Well-water containing lime, tastes a little bitter. The 
admixture of a little salt to this water makes it taste “soft,” 
while a weak quinine solution resembles the well-water in tasting 
“hard.” 

Titchener suggests that the bitter sometimes noted as a con¬ 
trast effect from sugar or salt may be due to an agreement 
between water and bitter, in that both taste “smooth.” Con¬ 
sidering this with Camerer’s observation just quoted, we may 
infer perhaps that the “taste” of water is not, after all, a taste- 
quality but is due rather to the presence or absence of some 
accompanying tactual characteristic; the absence, perhaps, of 
the “bite” which is associated with sweet, salt, and sour alike. 

The upshot of all of these observations seems to be that water 
is not tasteless (in the broader sense of the word), that it tastes 
more like bitter than anything else, and that its taste can be 
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neutralized by salt. In any event it does not taste like salt, so 
that we can be sure that a series of salt solutions ean U* started 
from a true zero point with regard to that quality. Furthermore 
there is evidence that some of the weakest solutions ot salt in 
water give a substance which is as nearly tasteless as any which 
can be produced. 
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APPENDIX II 

Concerning Various Modes op Applying the Taste Stimulus, 
and Various Determinations op the Threshold for 
Salt, with an Experimental Contribution 

A large number of independent determinations of the thresh¬ 
old for salt are available, but they have been secured by such 
divers methods, both with regard to the mode of applying the 
stimulus and with regard to interpretation of the threshold, that 
comparisons between them are of doubtful value. In the sense of 
"taste the threshold determinations depend primarily upon the 
mode of administering the stimulus. The least perceptible stim¬ 
ulus may be stated in term of the concentration or “strength” 
of the solution employed. But this can be significant only if we 
know also the amount of the solution taken into the mouth, for 
only then do we know the absolute amount of the sapid substance 
brought into contact with the taste organs. Numerous devices 
have been employed in the endeavor to measure the actual inten¬ 
sity of the stimulus, either in terms of “strength” or of gross 
amount. 

Miehelson 2 " mixed a little gum-arabic with the solution to 
keep it from running, and then applied a single drop. The same 
method was employed by Kiesow and Hahn. 27 This method is 
designed for local exploration rather than for quantitative 
measurement. 

Zwaardemaker 2 * used a solution thickened with gelatin and 
applied with a glass rod for exploration. For quantitative work 
be prepared pellets of llollundermark saturated in a ten per cent 
solution of salt, and found how many of these must be laid on 
-tHe tongue in order to produce a taste. A somewhat similar 

20 Virchow’s Arch . f . pathol . Anat . u . Physiol , vol. 123 (1891), p. 396. 

2T Ztsch . f . Psychol ., vol. 26 (1901), p. 383. 

28 Ergebn . d . Physiol ., vol. 2, pt. 2 (1903), p. 716. 
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device was tried by IIaemeliuek. £t> He used punch discs ot blot- 
ting paper, but soon abandoned them for a brush. With a single 
drop of liquid on a dry brush applied to the extended tongue he 
found that a strength of from (12 per cent to 0.2 per cent is 
needed to produce a sensation. 

A brush pencil narrow enough to reach single papillae was 
employed by Oehrwahl. ao A brush, a sponge, ami a dropper were 
all used by Schreiber, according to a review by V. Henri in 
An nee psychol^ vol. 2 (1807), p. 445. Ah a result ol some 6800 
experiments he is reported as giving the following values tor the 
threshold with the solution at 80 s * (■: Tip of tongue, 0.1 per rent; 
borders, the same; ealieiform papillae, 0,08 per cent; whole 
month, 0.5 per cent. 

Keppler 11 also used the brush for part oi his work, which had 
to do chiefly with the threshold for difference, but he preferred 
to take a dose of thirty-live eubie centimeters from a glass. 2 be 
brush was used by Kiesovr 1 " for purposes ot exploration. He 
reports average thresholds for six observers as lollows; Tip and 
borders of tongue, 0.25 per cent; base id’ tongue, 0,28 per emit; 
but some of the indivi<lual threshold determinations run as low 
as 0.18 per cent. He also used a dose of half a cubic centimeter 
of liquid. 

lining, M whose work establishes the doctrine oi Lsoehymes 
or zones of equal sensitivity, used first a single drop from a 
dropper, but later adopted the brush. Hi* touml, tor live subjects 
in whom he examined fourteen areas of tin* tongue, that the. 
threshold ranged from 0.8 per emit to 0,48 per cent, but that 
most of them were found bet ween 0,85 per cent and 0.4 pm* emit. 

A single drop on the protruded tongue is reenmmmided by 
Toulouse ami Vnschide/ 1 * Their lowest threshold is 0.0 per emit. 

An net' psychoi, vol. 11 (190.1), p. 110. 

tikandinav. Arch. f. Physiol., vol. li (1H91K p. 1. 

jo pfluger Arch. f. <1. yes. Physiol., vol. li (lHOP), p, 4;>M. 

Ha Philos. Mudica, vol. 10 (1SSM). p. :W‘J. 

Philos. Atudicn, vol, 17 (1901), p. 007. 

•oCV-jB. Acad. Hcu, Parm, vol. 130 (1900), pp, mi:s ami UlUl 
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Vas chide, using the same method, reports the following thresh¬ 
olds for 28 men and 30 women in his article “Gout” in Richet’s 
Dictionaire de Physiologie , vol. 7 (1907), p. 666: 

For sensation, men, 0.2%; women, 1.0% 

For discrimination, men, 1.0%; women, 4.0% 

Fontana 35 dropped three drops on the outstretched tongue and 
found that a solution of 0.2 per cent was the weakest salt solution 
which could he perceived clearly and without doubt. 

At one time Camerer 36 applied the solutions to single papillae 
by one or by two capillary tubes. He found that a single papilla 
stimulated in this way by one part of saturated salt solution in 
410 parts of water would give a positive response in half of the 
cases. This method was also employed by Oerwahl, 37 and it 
suggests the method extensively used by Sternberg 38 for local 
exploration, of projecting a fine jet of chloroform or ether vapor 
against the papilla. Camerer also employed tubes about seven 
millimeters wide, but it was with this device that he encountered 
the apparent shift in threshold, due to the effect of the strength 
of the other stimuli in the series, which effectually prevented his 
discovering any definite threshold. By dropping one drop con¬ 
taining 0.03 cubic centimeter of solution upon the tongue, he 
discovered that so little as 0.0024 milligram of salt could be 
tasted; that is, a solution of 0.8 per cent. 

A large number of experimenters have used liquid solutions 
in larger or smaller quantity. Valentin is quoted as having 
advised regulating the quantity rather than the concentration of 
the solution and as reporting that one part of salt in 213 parts 
of water is perceptible in a dose of 1.5 cubic centimeters, or one 
part in 426 perceptible in 12 cubic centimeters. 39 

35 ztsch. f. Psychol. , vol. 28 (1902), p. 255. 

36 Ztsch. f. Biol., vol. 6 (1870), p. 440. 

37 STcandinav. Arch. f. Physiol., vol. 2 (1891), p. 43. 

38 Geschmack und Geruch , Berlin, 1906; also numerous contributions 
in periodicals. 

39 This is according to the quotation by von Vintschgau in Hermann's 
Eandbuch, vol. 3, pt. 2, p. 210, and by Nagel in his Eandbuch, 1905, vol. 3, p. 
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Venables 1 ' 1 found that; the most sensitive of two observers 
could barely detect; the presence of salt in one cubic centimeter of 
a solution of (U per emit. The same amount of solution was used 
by Kastle" in his work on acids. Lombroso and < Htolenghi*- used 
onlv half a cubic, centimeter in their tests ot criminals and others, 
libber and Kiesow 111 found that a molecular concentration of 
0.026 was perceptibly salt, not only in the case ot Nat’l but also 
for all the other univalent salts tested. Their dose was two cubic 
centimeters. Kahlenherg 14 used t wire as lawn* a dose, Richards 
gave a small mouthful, perhaps a little more than Kahleuberg. 
In general the chemists do not seem to share in \ alentin s opinion 
that the quantity of the solution affects the threshold funda¬ 
mentally. 

Camerer at one time used a dose as large as thirty cubic 
centimeters. 1 " An even larger dose was used by Kepplcr, whose 
work was published in the same volume as was that ot ( amerer. 
In the thirty cubic centimeters <’amerer could detect -l.H milli¬ 
grams of salt, or 1.6 per cent. In his must elaborate work,” 
(’amerer administered a dose ot ten cubic centimeters. With this 
dose the weakest concentration. O.ulti per e.-ut, yielded in each of 
several extended experiments more positive judgments than did 
water. A typical set of these observations lias already lmen pre¬ 
sented in the text of the present article.” The very abundance 
of the data in this extraordinary thorough investigation of Own- 
crer’s precludes the adoption of any particular figure for a thresh¬ 
old. An elaborate explanation and justification would be required 


035 . Thu quotation by Vaschuk* in Itichet’s pwlmuttifr, \»>l. 7, p. <Wt, 
Human to be erroneous. The original wort of Valentin r< red acrmmbl- 
to mu; a later edit ion (IKf.b) gives the threshold tor salt at. *<.<-> per cent, 
without Hpottifyinir the onuditlmn or tin* amount of I bo 


40 Chem. Nt'U'n, vol 511 (1HHT > f j>, 221. 

41 A mar. Chem . Jour., vol 211 C I HIW} f |*» 455, 


4’i Z batch. f« PatyehoL, vol 2 (1H01), |», 5Ml 
4» Ztich. f. Phyulkal Chem , f vol 27 CIHU.h), p. 

44 Bull Unw. Wine., vol, 2, mk 25 (}»* 4, 

45 Amer. Chem, Jour., vol, 20 (tHOrt), p. 121. 

4« Pflugor^ Arch. f. d. yen Phydol, vol 2 < 1 H*HI), p, 525, 
4t zt»ch. f. Bwl t vol 21 (lH8fl), p. 57U 
48 Bee p. *239 and Plato 4. 
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for the selection of one intensity rather than a weaker or stronger 
one. 

Heymans 40 also used ten cubic centimeters as a dose. He 
places the normal threshold at 0.25 per cent. 

Bailey and Nichols 50 used a. liquid solution which was appar¬ 
ently tasted from a common drinking cup or glass; how much was 
taken is not stated. They state as the result of observations by 
82 men and 46 women that a solution of 0.05 per cent is the 
weakest that can be tasted. 


Judgments 


Strength of 
solution, % “ 

“O’’or 
Water” 

“Unknown 

taste” 

“Salt” 

“Sour” 

“Sweet” 

“Bitter” 

Other 

(known) 

taste 

2% 

0 

0 

100 

0 

0 

0 

0 

1 

0 

0 

99 

0 

0 

0 

1 

0.5 

8 

0 

86 

1 

0 

3 

2 

0.25 

11 

0 

76 

1 

4 

3 

5 

■ 0.125 

SO 

6 

47 

1 

7 

5 

2 

0.0625 

52 

5 

16 

2 

8 

13 

4 

0 

51 

6 

7 

2 

9 

21 

4 

0 

51 

5 

1 

2 

9 

27 

4 

0 

46 

10 

1 

4 

7 

28 

4 


The observations of 100 students, 32 men and 68 women, 
already mentioned in Appendix I, are presented here in tabular 
form for what they are worth. The solutions were presented in 
an order of descending intensity only, and we should be sus¬ 
picious that any threshold determined from such a series will 
be too low. It seems clear that the solution of 0.125 per cent 
tasted salt to a considerable proportion of the observers, but there 
is a good deal of doubt about the solution of half that strength 
for it tiisted bitter almost as often as it tasted salt, and it tasted 
like water to fully half the observers. 

This review does not pretend to be complete. It leads to the 
conclusion that taste-stimuli should be administered in fluid form 
and in as nearly a normal manner as possible. If the stimulus 
is so administered, the least perceptible concentration is found 

*# Ztach. f. Psohol., vol. 21, (1899), p. 341. 

bo Nature, vol. 37 (1887-8), p. 557. 
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to contain from two to three parts of salt in a thousand parts 
of water. 

Stimulation by brushes or otherwise, of simple papillae, while 
indispensable in discovering the points and zones of sensitivity 
for different qualities of taste, is not suitable tor quantitative 
work. In the first place, one never knows how closely the sub¬ 
stance is brought into contact with the papilla; if the applieation 
is made a little to one side or with a little less foree than usual, 
the substance will not so easily reach the taste organs within. A 
similar objection holds against the use of pellets or the broad 
brushing of the tongue, and even against merely dropping the 
substance upon the protruded tongue. Still more objectionable 
in quantitative work is the application of the sukstanee in dry 
form so that it must be dissolved by the more or less abundant 
fluids already in the mouth. 

With regard to the quantity of liquid to be taken into the 
mouth, it seems to me that there should be enough so that a 
slight movement of the tongue will bring it into equal contact 
with all the sensitive parts at once. Hut the quantity should not 
be sufficient to disconcert the observer or to give rise to tin* 
swallowing reflex. 

The way of taking the liquid into tin* mouth is of no great 
consequence and was determined in the present instance by the 
greater convenience of pipettes in handling. A small quantity 
of the fluid in a drinking glass or spoon would first have to he 
measured out and then the glass rinsed. The pipette combines 
the two processes in one, and delivers tin* fluid to tin* month a 
little more conveniently besides. The slight ‘‘taste” due to the 
odor of the rubber bulb is, on the other hand, a real disadvantage 
which is not wholly obviated by remarking that all observers 
quickly learn to disregard it or to treat it m a constant factor. 













Each figure represents the results of 40 judgments on eaeh of Itl ttolu* 
turns. The strength of solution is laid off along tin* base lino mol tho unit 
of strength is one gram of salt per liter of wafer* or tU pot rent, Thai 
14 9° moans 0.9 par rout. Tho number of positive judgments rises to a 
possible 40 for 1CHI per eent. Tho hint figure for < tbs, Kohtberg repre 
seats BO judgments, including the 40 of tho figure ne*t to it* 




















PLATE 2 


The arrangement i« the mum tm In Plate l. The Inst figure 1» 
obtained by averaging the number of positive judgment* m mth elu¬ 
tion given by the lb observers. It ttmm tt* a maximum of 31W positive 
judgment* out of a possible 400, Boo Table XIX for the eom«§wruling 
numbers of judgment*. 
































PLATE 3 


Figures 1, 2, and 3 are constructed on the same principle as those 
of Plates 1 and 2. In this case the unit of intensity along the base line 
is one-quarter of a gram of salt per liter of water, or 0.025 per cent. 
Thus “9” represents 9 times 0.025 per cent, or 0.0225 per cent. 

Figure 4 corresponds to Table XVIIL For each person the step from 
some one solution (M) to the next (N) produces a maximum increase 
in the number of positive judgments. For all the persons the average of 
this maximum increase (without regard to the strength of M or N) is 
8.2 judgments. The average from N to O is 5.8, and from L to M 4.1. 
This figure bears no direct relation to the * ‘ average ; ’ figure in Plate 2. 
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PLATE 4 

The three figures represent the work of three of the four observers 
in one of Camerer’s experiments (Ztsch. f. Biol., vol. 21 (1885), p. 578). 
The intensity of the salt solution is measured off to scale along the 
horizontal base line. The unit solution is 0.0159 per cent, so that 
means 6 times 0.0159 per cent, or 0.0954 per cent. The first stimulus is 
water (0), then comes a solution of one-eighth of the unit, then one of 
one-quarter of the unit, then one of one-half the unit; then of one, one- 
and-a-half, two, three, four, and six times the unit strength. The height 
of the solid line represents the percentage of positive judgments out of 
a possible 50 for each solution. The height of the outlined portion 
represents one-half of the number of doubtful cases, also reduced to per 
cent. 


[ 268 ] 
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1 

INTHOtHTTION 

At various times extending over n of ton or more 

years, attempts haw licen made in tin 4 Psychological Laboratory 
of the University of California t«* obtain light on th«‘ subject of 
the mutual interference im.l re enforcement of antagonistic 
habits. Numerous cur*l sorting experiments have been instituted 
to this end, only to he abandoned upon tin* discovery that they 
wort* leading nowhere. At the beginning ran Is bearing geometri¬ 
cal designs worn used, These were followed l*v curds which wore 
sorted according to color, Thus** again gave way to ordinary 
playing card* which wort* sorted into red and black, Finally 
the four suits of n puck of playing cords worn made the basis of 
sorting. After this stage had been reached, several unprofitable 
attempts were made before n satisfaetory program was devised 
with regard to the amount of practice at a sitting, the freipieney 
of practice sittings, and the methods of interfering with estab¬ 
lished habits. It fell to tb<- lot of the writer to arrange these 
last details of experimental procedure and to direct and par¬ 
ticipate in the actual work of experimentation, Credit for 
instituting the experiments and for outlining their general scope 
and purpose till belongs to the lb reel or of the Laboratory, 
Professor Stratton; and to his guiding advice and encourage- 
incut is ilue this publication of the results, To Holm* fifty student 
volunteers belongs the glory, such m it m, of patient enthusiasm 
expended without thought of personal reward upon a work of 
which the value wan not immediately appreciable. The actual 
work of recording the measurements was performed for the most 
part by tive students in the Laboratory, Miss Louise H, Kvvrett, 
Miss Until Pitman, Mr, K A Lee, Mr W, S Heller, and Mr. 
Arthur L dates, The writer can claim iu his own little more 
than the analysis of the data winch have been brought to his 



1914] 


Brown: Habit Interference in Sorting Cards 


271 


hand by the combined forces of the laboratory. The Pearson 
coefficients of correlation have been calculated by Mrs. Margaret 
Hart Strong. 


II 

PROGRAM OF THE EXPERIMENTS 

The experiments fall into two large divisions, one performed 
in the spring of 1912, the other in the spring of 1913. For the 
present we need concern ourselves only with the first of these 
divisions. It involved twenty-six workers, each of whom prac¬ 
ticed on thirteen separate days according to the following 
scheme. 

First day’s work —One “boxing,” which consisted of prac¬ 
tice in handling the cards, in the prescribed way, putting them all 
in one box without sorting. No other preliminary practice was 
given. Then followed eight successive sortings in the order, 
diamonds, clubs, hearts, spades. Hereafter this order will be 
spoken of as the old, or “original,” order. It was followed 
exclusively for eight days of practice. At the end of the first 
day’s work, and at the end of each day’s work, a “boxing” 
record (using the prescribed motion in putting all of the cards 
into one box, but without stopping to look at the cards) was 
made. It was thought that this “boxing” record might afford 
some check on the purely motor factors in the sorting, but the 
results were disappointing. These records were continued only 
because they had been included in the work of those persons who 
did the experiment first. 

Second day’s work— Eight sortings in the “original” order, 
followed as always by a “boxing.” The boxing comes at the 
end of every day’s work and need not be mentioned again. 

Third day’s work— Four sortings in the “original” order. 
On the third, fifth, and seventh days only four sortings were 
made because of a secondary interest in the effect upon the 
practice curve of the number of repetitions at a sitting. 
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Fourth day's work—VAght Hurting in the “original” order. 

Fifth day's work Four sortings in the “original" order. 

Sixth day's work Kijrht sorting in the “original” order. 

Far nth day’s work- -Four sorting in the “original” order. 

Kiyhlh day's work—l) ight sorting in the “original” order. 

Ninth day’s work .On this day the factor of interference was 

introduced. Two sorting were made in the “original” order. 
Then followed four sorting in the order, clubs. spades, hearts, 
diamonds. Finally two more sorting were made in the 
“original” order. 

Tenth, eleventh, and twelfth day's work - On these days the 
work was the same as on the ninth except that a fresh combina¬ 
tion of suits wax used for the “new ’ order. As on the ninth 
day, the four sortings in a “new" order were preceded by two 
sortings in the * "original” order, anti followed by two sortings 
in the “original” order. 

Thirteenth day's work -Bight sortings in the “original” 
order without interference. 

Twelve of tin* twenty-six workers were women. All, both 
the men and the women, were University students, mostly itndei■ 
graduates, who volunteered their services for this experiment. 

Half of the workers practiced twice a week; the rest came 
four or five times a week. This irregularity in the schedule, was 
arranged purposely beeattse of a seeondary interest in the effect 
of the frequency of the lessons upon the learning curve. This 
matter and that of the number of practice trials at a sitting are 
discussed separately in the last two sections ot this paper. 
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FIRST BAY 

SECONB BAY 

THIRB BAY 

Boxing 

1. Sorting 

1. 

Sorting 

1. Sorting 

2. ££ 

2. 

t C 

2. ££ 

3. ££ 

3. 

t C 

3. ££ 

4. ££ 

4. 

11 

4. ££ 

5. ££ 

5. 

11 

Boxing 

6. ££ 

6. 

tt 


7. ££ 

7. 

11 


8. ££ 

8. 

tc 


Boxing 

Boxing 

i i 


FOURTH BAY 

1. Sorting 

2 . ££ 

3. ££ 

4. ££ 

5. ££ 

6 . ££ 

7. ££ 

8 . ££ 

Boxing 


FIFTH BAY 

1. Sorting 

2 . “ 

3. ££ 

4. < £ 
Boxing 


SIXTH BAY 

1. Sorting 

2 . ££ 

3. ££ 

4. ££ 

5. ££ 

6 . ££ 

7. ££ 

8 . ££ 

Boxing 


SEVENTH BAY 

1. Sorting 

2 . ££ 

3. ££ 

4. ££ 
Boxing 


EIGHTH BAY 

1. Sorting 

2 . ££ 

3. ££ 

4. ££ 

5. ££ 

6. ££ 

7. ££ 

8 . ££ 

Boxing 


NINTH BAY 

Sorting, original order, D, C, H, S 

tt tt ei ££ 

Sorting, 1st new order, C, S, H, D 

it tt a ( t “ 

a a a tt tl 

a a tt tt (e 

, Sorting, original order, D, G,^H, S 

oxing __— 

ELEVENTH BAY 

Sorting, original order, D, C, H, S 

a a tt 1 £ 

Sorting, 3rd new order, S, D, C, H 

tt a tc te “ 

tt tt a “ “ 

tt tt tc a (t 

Sorting, original order, D, G, H, S 
tt tt t c Ct 

Boxing 


tenth bay 

1. Sorting, original order, D, C, H, S 

2 tt ’tt ct a 

3. Sorting. 2nd new order, H, D, S, C 

4 << << << tt a 

tt tt ct tt tt 

Q tt tttt tt it 

7. Sorting, original order, D, C, H, S 

g a tt tt tt 

Boxing _ 

TWELFTH BAY 

1. Sorting, original order, D, C, H, S 

2 a tt tt 16 

3. Sorting, 4th new order, H, S, D, C 

^ tt Q tc tt ct tc 

g* ct tc Ct tt tt 

Q tt tt Ct tt tc 

7. Sorting, original order, D, C, H, S 

g tt it it tc 

Boxing 


THIRTEENTH BAY 

1. Sorting, original order, D, 0, ±L, » 

o tt tt tt tt 

q* it tt CC ct 

A tt CC tt Ct 

g CC tt CC tt 

g « tt “ ££ 

rf tt tC Ct tt 

g* CC tc Ct (t 

Boxing 


All the sorting for the first eight days was in the same original order, 
diamonds, clubs, hearts, spades. 
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DKTAILK OF EXPERIMENTAL PROt'KHPRE 


The details of the practice work have only an indirect hearing 
on the results of the experiment the conclusions are inde¬ 
pendent of those details yet tut proper conclusions can he 
reached without; a careful platinum of the details anti a rigid 
standardization of procedure. The worker sat in front of a 
straight, row of four boxes all built together. Each box hatl an 
opening at the top of its vertical face 17 cm. wide by to cm. 
high. The openings were separated by a t cm, board. They 
were til cm. from the floor, that is, they were about ns high as 
the eihow of tilt* seated worker. After lulling into their re¬ 
spective compartments the eards from all the boxes wen 1 led 
by a chute into a single pile, so that the puck was shuffled auto- 
matieally. The order of the cards in the pack was therefore 
entirely a matter of chance and was never twice the same. A 
considerable amount of preliminary experiment led to the adop¬ 
tion of a prescribed method of handling the cards, which was 
so simple that it was not. subject to change during the course 
of tile experiment. It had been discovered that any change ut 
techuhpie during practice is likely to become a source of huge 
errors, and great care was taken to prevent such a change. Hu* 
pack of cart Is was held in the left, lor least dexterous) bund, 
hacks up, so that no card was seen until the previous reaction 
was complete. A card was pushed off by the left thumb, seized 
by the right hand with the fingers on the back of tin' earth turned 
toward the worker, and thrown into tin* box, face up, without, 
further turning. The experimenter recorded the time with a 

stop watch from the word **(}<>’' to the disappeuram.. the 

last. card. He also recorded tin* errors, including among them 
those cards which fell to tin* Hour without entering tin* box. In 
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the end the errors were added into the time-record at the rate of 
one second for each error. 1 

Successive sortings were separated by the time required to 
pick np the cards and get them all faced down. This time varied 
somewhat, ranging from a little under two minutes up. Bight 
sortings and one “boxing” consumed about thirty minutes, and 
about one minute can be allowed for each sorting. Smooth or 
ivory-finish “Congress” playing cards with gilt edges were 
used. Not more than three persons used the same pack of cards. 
The same person always used the same pack, and the pack was 
always new at the beginning of the practice, so that all the 
workers had cards which were about equally worn at any par¬ 
ticular stage of the experiment. 

On the top of the row of boxes, “ten-spots” of the four suits 
were displayed in the order in which the cards were to be sorted. 
These cards were side by side so that the first and last did not 
lie over the openings in their respective boxes. The workers 
were given what time they wanted to look over these “samples” 
each time before beginning to sort. Some people referred to the 
“samples” more or less frequently while sorting, others never 
raised their eyes after beginning to sort. Various individual 
differences were noted in regard to the contents of consciousness 
while sorting, but these observations do not throw any light on 
the essential problems of behavior which are primary in this 


pgtper. 

Throughout the experiments the workers were urged to do 
their best at ah times. The records of all the workers were kept 
where the workers could hardly avoid seeing them, and each 
worker was urged to look over the records, so that the spirit of 
competition was strongly stimulated. 


i It takes approximately fifty seconds to sort a P^ of ^ 8 ’“ d 
card dropped or misplaced was considered practically e ^ivalmittoa 
card withdrawn from the pack. The sublets were kept aware of the 
method of scoring errors and the ideal of an errorless performance was 
kent before them. Some persons make a good many errors (as many as 
„ of three in a sitting), some make errors only rarely. _ Some 
drop a good many cards through nervousness or clumsiness, some misplace 
a good many. 
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An attempt has been made to present the actual results of 
these experiments together with a rigid analysis of them, but 
with a minimum of theoretical discussion. The writer has at 
hand the replies to an elaborately directed introspection made 
by all of the workers in the first part of the experiment, covering 
their thoughts, mental attitudes, motor dispositions, images, and, 
in short, all the immediately observable contents of their minds 
while working. These documents contain much that is in¬ 
structive. The writer also has numerous hypotheses concerning 
the workings of the mental machinery during the process of 
learning and in the face of interference. Many readers, no 
doubt, will miss the accounts of the inner mental states, which 
•seem to them at least as valuable as the mathematical measure¬ 
ments, but on the whole it seems wiser to present at this time 
only what is absolutely impersonal and definitely measureable. 


IV 

METHOD OP PRESENTING THE DATA 
Any particular record of a single trial is subject to consid¬ 
erable chance disturbances, either as the result of conditions 
aff(Siting the attention of the worker, or because of particularly 
fortunate or unfortunate sequences of cards. A very slight 
circumstance may easily so upset a worker that he is temporarily 
unable to apply himself at top speed to the work. On the other 
hand, when the cards come so that one follows another in neigh¬ 
boring boxes, a faster reeonl can be made than when they jump 
back and forth from end to end. When several cards of the 
same suit fall together the result is generally, but not invariably, 
a saving in time. In order to avoid so far as possible the evil 
efTeeis of such accidental disturbances, no single records have 
been considered, but always an average of at least two records. 
Whim more than two were available the best and the worst have 
been eliminated until two remained, and tin; average of these 
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wo taken. For the purpose of analyzing the data the following 
joints have been considered, and are here presented in abstract 
ogether with the abbreviations used in referring to them in the 
rarions tables. All of these points are covered in Table I and 
ill of the abbreviations will be found in nse there. 

1. The speed of work for any given day (captions A, B, 0, D, 
E, and F in the tables). This is the median record for that day, 
expressed by the number of seconds required to sort the fifty- 
;wo cards into four suits, plus an allowance of one second for 
each error of any kind. In giving the rank with respect to speed 
:he fastest is first, and this fact should be kept in mind when 
considering correlations between speed and other measurements, 
Decause high speed is expressed by a low figure while high 
measurements of other kinds are expressed by high figures. 

2. The speed at the leginning of the new orders of the ninth, 
tenth, eleventh, and twelfth days (caption G) is the average of 
the first two records in the new order for all of those days to¬ 
gether. The speed at the end of the new orders (caption H) is 
the average of the last two records in the new order for all the 
four days. It will be recalled that there were four records in a 
new order on each of these days, and that they were the third, 
fourth, fifth, and sixth records in the eight which constituted 
the day’s work. 

3. The per cent gain from day to day (captions I, J, K, and 
L) is found by subtracting the speed on the later day from the 
speed on the first day and dividing the difference by the speed 
on the first day. The gain from the eighth to the thirteenth day 
(caption M) is the difference between the speeds of the eighth 
and thirteenth days divided by the speed of the eighth day. In 
giving the rank with respect to improvement the one who shows 
the greatest gains is first. 

4. The rate of attack on the first day (caption N) is found by 
taking the difference between the average of the first pair of 
records and the average of the second pair of records for the first 
day and dividing by the average of the first pair. The rate of 
attack in the neiv orders (caption 0) is found by taking the 






TABLE I 

Full data for each person, arranged in the order of speed on the first day. For fuller explanation of abbreviations see pp. 277 ff. 
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average of the rates of attack for the four days when new orders 
were tried, and for each day it is found by taking the difference 
between the average of the first pair of records in the new order 
and the second (last) pair of records in that order and dividing 

by the average of the first pair. 

5. The loss per cent from old order to new order (caption P) 
is averaged for the four days when new orders were introduced, 
and is found by taking the difference between the average of the 
third and fourth records (which were the first in the new order) 
and the average of the first pair of records (which were in the 
old order) and dividing by the average of the first pair (old 
order). In giving the rank with respect to loss the person who 

loses most is first. 

6. The loss per cent from old order to old order with practice 
on a new order intervening (caption Q) is averaged for the four 
days on which new orders were inserted, and is found by taking 
the difference between the average of the last pair of records and 
the average of the first pair of records (four trials of the new 
order intervening) and dividing by the average of the first pair. 
In giving the rank with respect to loss the person who loses most 

is first. . 

7. The errors per trial (captions R and S) are found by tak¬ 
ing the total number of errors made on the days in question and 
dividing by the total number of trials made on those days. The 
errors for the ninth, tenth, eleventh, and twelfth days are given 
regardless of whether the order was the old or the new. 

For the purpose of analysis the device has been adopted of 
dividing the twenty-six workers into two groups on the basis 
of their individual records in any of the functions covered by 
the above headings. One group contains the thirteen persons 
who attain the highest rank in that particular regard and the 
other group contains the remaining thirteen persons. This ar¬ 
rangement may be illustrated in the case of the measure of speed 
on the first day of work (Tables I and II). There are thirteen 
persons who may be called “fast” in contrast to the other thir¬ 
teen persons. These thirteen “fast” persons are segregated and 
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TiVBLE T« (Second Experiment) 

Full data for each person in the second experiment. The abbreviations are 
the same as explained on pp* C7? /f. for Table /. 




AA 

BB 

OO 

no 




Spred on day 


Same 

1 

2 

4 

6 


Mi#« 

Cow. 

5fMi 

48,0 

40.8 

45 

3 

Mr. 

McO, 

54.5 

51,7 

40.0 

48 

0 

Mitta 

Whit, 

55.5 

52,5 

50,8 

60 

a 

Mi«» 

Ark. 

55.7 

5*5.11 

40 0 

40 

7 

Mr. 

Hug. 

rou? 

52,0 

50.8 

48 

7 

Mis# 

At, 

57,0 

54,5 

52.2 

60 

8 

Mr. 

•Urn. 

r* n.vt 

47,7 

47.0 

45 

tt 

Uim 

Hha. 

50.4 

55,4 

50.2 

50 

0 

Mr. 

Utd. 

60,1? 

mu? 

48.7 

41? 

# 

Mr. 

Had. 

tltWl 

52.0 

40.8 

45 

3 

Mr. 

Fry. 

00,« 

55.0 

50,8 

40 

,8 

Mr. 

On. 

0L2 

50,5 

40.5 

47, 

3 

Mim 

Pack, 

m .a 

50,4 

fn, i 

47. 

,8 

Miss 

K«1k. 

0*4.0 

54,5 

40.2 

4!?, 

0 

Mr. 

I to 

04,0 

00,5 

544 

51. 

3 

Mins 

Bog. 

mu? 

55.7 

54,7 

48, 

,8 

Mr. 

HI* 

74.0 

57 J 

an,a 

54 

,4 

M I m 

10% 

74.0 

58,2 

52.2 

50, 


Avwtkg* 

01.0 

54,0 

50,0 

41?, 

,0 


KK 

11 

,W 

KIC 

nii 

RR 


Fur mmfc adit from 

Krrwa par 



day 

r<» day 


trial day# 

8 

Ml 

14 

14 

1-8 

1*8 

45,5 

0.1? 

12,7 

15,7 

is, i 

LUO 

40,8 

5.1 

10,1 

10,8 

14,1 

.75 

48,2 

5,4 

8,1 

fUl 

12,8 

,4 4 

48,4 

0,1 

10,8 

10,2 

22,0 

2.44 

47,2 

7,0 

10,7 

14,4 

17.0 

1.25 

45.7 

4.4 

8,2 

iu.o 

111,0 

.08 

40,0 

IfiJ 

10,8 

20,0 

24.8 

LOO 

41?,7 

0,7 

16,6 

14,8 

10,3 

LI 1 

45,0 

10.5 

18,7 

187 

23.0 

L40 

40,4 

12,7 

17,8 

24,2 

20,4 

2,1? 4 

00,0 

l?,f» 

10,4 

18,1 

17.8 

2,03 

40,:? 

HU! 

to 1 

22,7 

24,4 

*n 27 

40,2 

7,8 

10 ft 

22,4 

if?, 4 

L41 

48,5 

12,0 

21,4 

20,8 

22 -ft 

1.02 

47,0 

0,0 

10*8 

ID,7 

25.8 

L27 

48,» 

ifi.n 

20,7 

2!Ut 

00.0 

.00 

50.5 

22*8 

211 11 

20 5 

2.1.0 

LOO 

485! 

22,2 

20,2 

aa 4 

06,5 

,0)1 

47,0 

11,0 

HU! 

10,2 

21.0 

L40 


their records in every other respect (speed on the second day* 
gain from the first to the eighth day, etc,) are averaged f Table 
IT)* We are thus in a position to my what may he expected in 
any given respect of any group of persons who develop better 
than average speed at the start of their practice work. In thin 
way the twenty-six persons are divided into two rival groups 
with respect to various aspects of their work. 

In addition to this crude method of analysis the Pearson 

21 ^ ,*|» m 'i 

po-offlpii'nt of correlation 3 (r . '‘ „ „ ) fuw boon omploywl 

y/jkJs V **■ U ’ 

in mnnerouH instances to show the interplay of various measure 
of attainment (for example* initial speed with amount gained 
from practice). 

The original measurements are too voluminous for publics* 

tion* AH the figures which are to come under discussion art* 
derived from the condensed and analysed array of Table I* This 
table shows the data arranged on the basis of speed on the first 
day (caption A). Himilar tables had to he constructed for 
each of the various functions measured, but there appears to 
be no need of inserting them. 


a Thorndike* E, L,» Mental ami Hochd Measurements { Ed, U; Now Turk, 

p. i7H. 
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Y 

THE RELATION BETWEEN SPEED AND THE CAPACITY 

TO LEARN 

Dividing the workers into two groups on the basis of their 
initial ability as measured by the median performance on the 
first day of practice, we get what may be called a “fast group 
and a “slow group” (Tables I and II). The average time re¬ 
quired by these two groups to sort the cards is 59 and 73 seconds 


TABLE II 


“fast 


A. Speed* on first day 

B. Speed on second day 

C. Speed on fourth, day 

D. Speed on sixth day 

E. Speed on eighth day 
p. Speed on thirteenth day 

G. Speed when beginning new order 

H. Speed when ending new order 

I. % gain from 1st to 2nd day 

J. % gain from 1st to 4th day 

K. % gain from 1st to 6th day 

L. % gain from 1st to 8th day 

M. % gain from 8th to 13th day 

N. Bate of attack, 1st day 

O. Bate of attack, new order 
p. % loss in passing from old to new 

order 

Q. % loss in old order, due to inter¬ 
vening new order 

B. Average no. errors per trial, days 
1-8 

S. Av. no. errors per trial, days 9-12 

* Note that high speed is expressed by a small number while large 
gains or losses are expressed by a large number, so that correlations are 
really with slowness rather than speed. 


to A, speed on the first day 

. record 

Av. record 

Correlation 

t” group 

“slow” group 

tween speed: 

59.2 

72.9 

.... 

54.6 

62.4 

.88 

50.3 

57.0 

.75 

48.8 

55.2 

.79 

48.2 

55.2 

.74 

46.2 

51.4 

.66 

52.8 

59.7 

.74 

49.5 

56.2 

.77 

7.7 

13.9 

.64 

15.0 

21.4 

.65 

17.6 

23.7 

.71 

18.2 

23.9 

.57 

4.1 

6.7 

.36 

4.1 

4.8 

.17 

6.0 

5.4 

—.24 

11.5 

12.2 

—.09 

1.3 

2.3 

.15 

.96 

1.46 

.21 

1.13 

1.80 

.14 
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respectively, so that they are clearly contrasted. These two 
groups maintain their identity remarkably throughout the course 
of the experiment. On the second day ten of the original thir¬ 
teen still hold positions in the “fast group.” On the fourth, 
sixth, and eighth days eleven of them are still among the leading 
thirteen. An individual who is fast at the beginning is apt to 
remain fast, in comparison with his competitors, throughout the 
course of practice. There is a high correlation, as indicated in 
Table II, between speed on the first day and speed on any suc¬ 
ceeding day. 

But while those who start slow always remain relatively slow 
there is a distinct tendency on the part of the “slow 5 7 individuals 
to catch up with their faster rivals. This advantage of the 
“slow” persons with regard to improvement can be seen from 
the following survey, showing the absolute gain in seconds as 
well as the relative gain in per cent for each group. 

FAST GROUP SLOW GROUP 

absolute relative absolute relative 


1st to 2nd day. 4 sec. or 8% 11 sec. or 14% 

1st to 4th day. 9 sec. or 15% 16 see. or 21% 

1st to 8th day. 11 sec. or 18% 18 see. or 24% 


Yet even this advantage is transitory. The tendency to catch 
up is confined to the very first stages of practice. This appears 
distinctly from the following figures: On the first day the aver¬ 
age of the “fast” records is 81 per cent of the average of the 
“slow” records. On the second day it is 89 per cent of it, 
showing that the slower persons are making records more nearly 
equal to those of the “fast” group. But on the fourth, sixth, 
and eighth days the ratio becomes no more nearly equal, remain¬ 
ing at 88, 89, and 87 per cent on those days. 

If we consider the individual persons composing the “fast” 
group (on the basis of speed on the first day), we find that few 
of them are included among the quick “learners,” or those who 
improve most by practice. This might also be discovered from 
the correlation column of Table II, for there it is seen that low 
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speed is distinctly correlated with rapid and large gains from 
practice. 

There are a certain number o£ persons, however, who suc¬ 
ceed in obtaining positions among the rapid learners in spite 
of the fact that they were among the “fast” workers at the 
outset. 

From the 1st to 2nd day 3"j 

From the 1st to 4th day 5 I of the original 13 fast workers are among 
From the 1st to 6th day 5 ” the best learners. 

From the 1st to 8th day 4_ 

Two of these exceptional persons are very exceptional indeed, for 
they pass from relatively good positions on the first day (sixth 
and tenth best) to the very highest positions at the end of prac¬ 
tice on the eighth day. These two individuals (Mr. Gro. and 
Mr. Jos.) stand second and fourth in the rank of those who had 
made the greatest relative gains during the eight days of practice. 
Curiously enough, their nearest rivals for honors in this respect 
are the two individuals who were slowest of all at the beginning 
of work, and who, consequently had a wide margin left for pos¬ 
sible improvement. 

Apart from these exceptional cases it seems on the whole 
unquestionable that those persons who begin slowly will generally 
manifest a greater capacity for improvement (relative as well as 
absolute) than those persons who begin to work at a high rate of 
speed. The effect of practice in this complex process is to flatten 
out the differences between individuals. Yet evidently we may 
expect to find a certain number of exceptionally gifted indi¬ 
viduals who combine a high capacity for improvement with a 
better than normal initial performance. Moreover, the tendency 
of the slow persons to overtake their rivals disappears at an 
early stage of practice. 

Those individuals who work fast at the beginning are less 
likely to make errors than their slower rivals. Of course, the 
method of scoring makes it appear that a worker who makes a 
great many mistakes is slower than another worker who really 
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makes the name speed but with fewer errors. But the actual 
number of errors is too small to account, for any appreciable 
part, of the slow time of the slower workers. The point is dear 
that fast workers are much less prone to make mistakes than 
persons who for any reason work more slowly. 

If we start from the point of view of achievement, instead 
of starting; from the initial performance, we obtain new informa¬ 
tion. Table III shows that while those who gain most at the 

TAHLK HI 


l Mu rtmmticrcti with rrfrrrnen to 1 .1 hr per rmi gain made between II# #r«f 
mill mmml diip of praetiee 


Av, swcmt 

Av, wtml 

Cowlal'nm 


rum tt of 

‘*nuirk M 

grmip of 

**fttlSW** 

tiiwn fail 


itwtiitj* 




#ml 

A, HjwwP mi 11 rut day 

70.1 

«UAi 

,04 

fi Hpood mi m#*# nil it day 

83.2 

158,0 


<\ H|*wd mi fourth tiny 

84.3 

tm* 


IK Hjwod mi m%th day 

52,2 

mm 


K, H|«*i*d on *%titb day 


mm 

,24 

f*\ Hpmi mi thi r tooufit day 

4114 

48.1 


0, Hpmi wtion bogt iming now ardor 

57,4 

oo,3 


It, Hpmi whmt tutding mm ardor 

53,11 

82.1 


L 7c, gain from Isntfullml day 

15.3 

0.3 


d, % gain from tut to 4th day 

at!.a 

14,2 

.70 

1C 7c gain from \H to litb day 

t!:u; 

17.0 

.74 

h, % gain fr<»m l«t to Hth day 

S4.H 

17.3 

.72 

M. 7c gain from 8th to 13th day 

5,2 

5,7 

.03 

N. lift to of attaidi, t?d day 

4*2 

4.7 

.33 

O. Hat# of uttitt’k, mm orders IUi 

Ik 7tf Jo:-{« In gmmdtt# from old to now 

8.3 

.15 

ardor 

% % Ions in old ardor, duo to in tor 

12.0 

I2.fl 


vowing now ordortt 

1.4 

2.2 



# Mtit# tint eprrd faulty uw%m alow turn in tb« wtrrhlmm. 


beginning of practice are apt to he among the slow starters, this 
combination dotw not continue. After the second day the group 
of “quick learners” make nearly as good time-records as the 
slower learners who were considerably faster on the first day, 
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Table IV shows that the same thing is true with regard to 
the whole gain made during the eight days of practice. Those 
who gained most were originally rather slow, hut after the second 
day they were hardly any slower than the others. There is no 

TABLE IV 

Data considered with reference to L, the per cent gain made during the 
eight days of uninterrupted practice 

Av. record Correlation be- 


A. Speed* on first day 

Av. record 
group of 
“Learners” 
70.5 sec. 

group of 
“non¬ 
learners” 

61.5 see. 

tureen capacity 
to learn 
and 
.57 

B. Speed on second day 

60.1 sec. 

56.7 sec. 

.... 

C. Speed on fourth, day 

54.2 see. 

53.1 see. 

.... 

1). Speed on sixth day 

52.4 sec. 

51.6 sec. 

.... 

E. Speed on eighth day 

51.6 sec. 

51.7 sec. 

—.10 

E. Speed on thirteenth day 

48.9 sec. 

48.6 see. 

.... 

G. Speed when beginning new order 

57.4 sec. 

55.1 sec. 

.... 

H. Speed when ending new orders 

53.7 see. 

51.9 see. 

.... 

L % Gain from 1st to 2nd day 

13.9% 

7.7% 

.72 

J % Gain from 1st to 4th day 

22.8% 

13.6% 

.80 

K. % Gain from 1st to 6th day 

25.3% 

15.9% 

.93 

L. % Gain from 1st to 8th day 

26.6% 

15.5% 

.... 

M. % Gain from 8th to 13th day 

4.5% 

6.3% 

—.29 

N. Rate of attack, first day 

7.6 

1.3 

.35 

0. Rate of attack, new orders 

6.1 

5.4 

.06 

P. % Loss in passing from old to 
new orders 

13.1% 

10.7% 

.30 

Q. % Loss in old order, due to inter¬ 
vening new orders 

1 .8% 

1.7% 

.18 

R. Av. no. errors per trial, days 
1-8 

1.20 

1.22 

.06 

S. Av. no. errors per trial, days 
9-12 

1.64 

1.29 

.20 

*Note that speed means slowness in correlations. 



connection between capacity for benefiting from practice 
(“plasticity”), and the final speed attained. Nor is there any 
indication that further practice would change the situation 
which remained virtually unchanged from the second to the 
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eighth day of practice. Large practice gains do not insure the 
attainment of superior skill; on the contrary, they serve as a 

rule only to reduce the handicap <»i those persons who are slow 

at the beginning. 

The correlations between the gains made at various*stages 
of practice prove illuminating. Table IV shows that the total 
gain for eight days is less and less closely connected with gains 
at earlier stages. This means that the gains at earlier stages 
were made by persons who failed to hold their own with regard to 
further gains. The same thing is seen, but less clearly, in l able 
III. It reflects the fact already indicated ^ -that the tendency 
for the slow beginners to overtake their more gifted rivals is 
short-lived. 

There is a very slight connection between large gains front 
practice and a sudden attack (quick improvement) as indicated 
under Caption N in Tables III and IV, 

There is no apparent connection between the amount of prac¬ 
tice gain and the number of errors math* during the period ot 
regular practice. 

Table V givm the reverse view of what we have just seen in 
Tables III and IV. It is clear that the final speed attained is 
not closely connected with previous practice gains. Those who 
have attained the highest speed have not done so by din! of 
practice. It should be olmerved, however, that if one may trust 
the indications of the rather weak correlations in this table, it 
would appear that further practice would result in a correlation 
between practice gain and final speed. Ah the matter stands* if 
is clear that the speed attained on the eighth day is alums! wholly 
dependent upon the speed at which the person starts, and not 
on his capacity for improvement by practice/ 1 

s it be thought that the eight days of practice are not antic*amt 
to enable the slow learners to reach their maximum speed, It should be 
stated that several of the slower persons have been practiced fur longer 
periods on this work and that none of them has ever made any consider 
able gain beyond the stage of the eighth or tenth day;* The narrow 
margin remaining for further gains after the eighth day is not iwnhuent 
to enable many persons to establish u correlation between Itnai speed ami 
total amount gained. 
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Those workers who are fastest on the eighth day are less apt 
to make errors than slower persons. Thus it appears that free¬ 
dom from error is associated with capacity for high speed, 
whether at the beginning or at the end, but that it is not con¬ 
nected with especial capacity for learning. 

The results of a second experiment (to he considered in more 
detail later) under different conditions of practice, support the 
points so far urged in regard to the relation between speed and 
the capacity to learn. Table Has shows that speed at the begin¬ 
ning is closely correlated with speed at later stages of practice, 
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TABLE Ila ( Second Experiment) 

Bata considered with regard to AA, speed on the first day 


AA. Speed* on first day 
BB. Speed on second day 
CG. Speed on fourth day 
BB. Speed on sixth day 
EE. Speed on eighth day 
II. % gain from 1st to 2nd day 

JJ. % gain from 1st to 4th day 

KK. % gain from 1st to 6th day 

LL. % gain from 1st to 8th day 

BE. Av. no. errors per trial 


Av. record 

Av. record Correlation be- 

“fast” 

“slow” 

tween speed* 

group 

group 

and, 

56.7 see. 

65.4 sec. 

.... 

52.1 see. 

55.9 sec. 

.71 

49.2 see. 

52.1 sec. 

.76 

48.5 sec. 

49.6 see. 

.57 

46.1 see. 

49.0 sec. 

.63 

8.0% 

14.0% 

.80 

13.0% 

20.3% 

.86 

14.3% 

24.0% 

.86 

18.4% 

24.8% 

.77 

1.20 

1.60 

.43 


* Note that speed really means slowness in correlations. 


TABLE Ilia ( Second Experiment ) 

Data considered in reference to II, the per cent gain between the first and 
second days of practice 


AA. Speed on first day 
BB. Speed on second day 
CC. Speed on fourth day 
BB. Speed on sixth day 
EE. Speed on 8th day 
II. % gain from 1st to 2nd day 
JJ. % gain from 1st to 4th day 
KK. % gain from 1st to 6th day 
LL. % gain from 1st to 8th day 
BE. Av. no. errors per trial 


Av. record 
group of 
“fast” 
learners 
63.7 sec. 

53.5 sec. 

50.6 see. 

48.6 see. 

47.7 see. 
15.5% 
20 . 2 % 
23.1% 
24.8% 

1.46 


Av. record Correlation be- 

group of 
“slow” 
learners 

tween rapid 

learning and, 

58.5 sec. 

.80 

54.5 sec. 

.... 

50.6 see. 

.... 

49.5 see. 

.... 

47.7 see. 

.37 

6.5% 


13.2% 

.84 

15.1% 

.86 

18.3% 

.73 

1.33 

.... 


and that slow work at the start is correlated with rapid practice 
gains and with a large proportion of errors. Tables Ilia and IV a 
indicate that those who learn rapidly will attain a speed equal 
to the speed of their competitors in spite of the slow initial speed 
of the “learners.” Table Va shows, as does Table V, that the 
final attainment of high speed is connected with initial speed, 
but that it is not connected with large gains from practice. Of 
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TABLE XVa (Second Experiment ) 

Data considered in reference to LL, the per cent gam in speed during the 
eight days of practice 


AA. Speed on first day 

Av. record 
group of 
“learners” 

64.8 see. 

Av. record Correlation be- 
group of tween capacity 
“non- to learn 

learners” and, 

57.2 see. .77 

BB. Speed on second day 

54.8 see. 

53.2 see. 


CC. Speed on fourth day 

51:4 see. 

49.8 see. 


BB. Speed on sixth day 

49.4 sec. 

48.8 see. 


EE. Speed on eighth day 

47.9 see. 

47.3 see. 

.01 

II. % gain from 1st to 2nd day 

15.1% 

6.9% 

.73 

JJ. % gain from 1st to 4th day 

20.5% 

12.7% 

.83 

KK. % gain from 1st to 6th day 

23.6% 

14.7% 

.85 

LL. % gain from 1st to 8th day 

26.0% 

17.2% 

.... 

BE. Av. no errors per trial 

1.45 

1.33 

.00 


TABLE Y a (Second Experiment) 

Data considered in reference to EE, speed on the eighth day of practice 

A A. Speed* on first day 

Av. record 
“fast” 
group 

57.4 see. 

Av. record Correlation be- 
“slow” tween speed* 
group and, 

64.6 sec. .63 

BB. Speed on seeond day 

51.8 see. 

56.1 see. 

.... 

CC. Speed on fourth day 

49.0 sec. 

52.2 see. 

.... 

BB. Speed on sixth day 

47.6 sec. 

50.4 see. 

.... 

EE. Speed on eighth day 

45.5 see. 

49.6 see. 

.... 

II. % gain from 1st to 2nd day 

9.5% 

12.5% 

.37 

JJ. % gain from 1st to 4th day 

14.5% 

18.8% 

.34 

KK. % gain from 1st to 6th day 

16.9% 

21.4% 

.32 

LL. % gain from 1st to 8th day 

20.5% 

22.6% 

.01 

KB. Av. no. of errors per trial 

1.60 

1.19 

.01 

* Note that speed really means slowness in correlations. 



the nine persons who were classified as 44 fast” the first day, 
seven were still 4 ‘fast” on the last day, and all hut two of the 
fast nine were poor learners. The significant thing is that these 
more gifted persons hold their lead in spite of their less con¬ 
spicuous gains. That they do not gain faster is probably due to 
the near approach of the absolute speed limit beyond which no 
further improvement is mechanically possible. 


i 
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A superficial study of Table V« Stives the impression that 
those who were fast at the beginning have not been able to retain 
their immunity from error during the later days. Thm appear¬ 
ance is largely accidental. The two persons who succeeded by 
practice in crowding their way into the fast group were both 
exceedingly prone to make errors. Between them they made 271 
errors, as against 81 made by the two workers they displaced 
This accounts for the large number of errors made by the fast 

group on the eighth day. . 

The analysis so far seems to indicate that the attainment of 
high speed in sueh work as this depends on native endowment 
rather than on capacity for benefiting by pruetiee. Persons who 
fail to make a relatively good showing at the beginning will not 
bo apt to improve their relative positions, in spite ot the tact 
that they improve rapi4ly* The only result ot their more rape 
improvement is a reduction in the alwolute distance which sep- 
arates them from their more gifted compel dors. They remain 
behind in spite, of atlP 

It should be borne in mind that the amount ot improvement 
is narrowly limited by the mechanical conditions or the expert- 
ment. No improvement whatever is possible beyond a certain 
“physiological limit;'’ hence there is little room for improve¬ 
ment on the part of some of those who begin very fast, while 
the slow persons have very large possibilities belore them. Uur 
fastest record is M seconds for the titty-two cards, or seven-tenths 
of a second for the complex discrimination and all the move¬ 
ments involved in the reaction. 


4 These conclustouH are In substantial agreement with ttawe*<J 

dike, Amur. Jour. Psychol., vet. »•> • "“lo , r Tut 

rouf Psuc.hoL, vot. 23 (1912), p. 75. <Oingare nine, ( oiler, .ti.huri of 

Psychol., No. 24 (1912), ami Donovan amt ThormliUe, Amtr. Jour, tsyi !« 
vol 24 (1913), p. 426. 
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VI 

ANALYSIS OF INTERFERENCE 

1. The part of the experiment dealing directly -with the inter¬ 
ference of contrary habits now comes under consideration. The 
first measure of interference is found in the gain in speed made 
between the eighth and thirteenth days, practice on antagonistic 
orders having occurred on the intervening days. The data are 
presented in Table VI. The conclusion is obvious, indeed it 
might have been anticipated, that those persons who are capable 
of malri-ng the greatest advances during this period (that is, the 
persons who are least disturbed by the practice on the new 
orders) are as a rule slower in absolute speed on all occasions 
than the persons who find themselves incapable of advancing 
under such circumstances. In other words, slow people are less 
likely to suffer from the interference phenomenon than are fast 
people. Furthermore, the correlations of Table VI give some 
slight indication of a connection between capacity for learning 
and the interference phenomenon, intimating that those who 
have made large gains during the period of regular practice 
cannot improve much in the face of interference. But the evi¬ 
dence on this point is weak. 

It should be observed in passing that the absolute amount of 
improvement for all persons together is considerably greater 
from the eighth to the thirteenth days with disturbed practice 
than from the fourth to the eighth days with uninterrupted 
practice. That is to say, the ultimate effect upon the group of 
disturbing the practice is to accelerate rather than to retard the 
learning process. Careful introspection by a number of the 
better trained among the workers revealed the fact that the 
introduction of the new orders had compelled attention to various 
factors which had remained in the background during the regular 
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TABLE VI 

Data considered in reference to M, the per cent gain in speed from the 
eighth to the thirteenth day, «<*«' order* intervrmng 

0*rr*l»tton !»* 


twwn taimuu* 


A. Speed* on first day 
B* Speed on second day 

C. Speed on fourth day 

D. Speed on sixth day 

E. Speed on eighth day 
E. Speed on thirteenth day 

G. Speed when beginning new order 

H. Speed when ending new orders 

I. % gain from 1st to 2nd day 

J. % gain from 1st to 4th day 

K* % gain from 1st to 6th day 

L. % gain from 1st to 8th day 

M. % gain from 8th to 13th day 

N. Bate of attack, first day 
0* Bate of attack, new orders 

P, % loss in passing from old to now 

order 

Q. % loss in old order due to inter* 

vening new orders 

B. Av. no. errors per trial, days 

1-8 

8. Av, no. errors per trial, days 

9-12 

# Note that speed means slomms in eorrelafciotm 




dwturlmi 1 

group 

group 

»o4, 

68.7 dm. 

113.4 mo. 

,36 

59.9 ««*• 

87,2 «, 


55,9 ioo* 

61,4 tc*. 


53,6 §®€. 

60.4 mm. 


83.6 #h>. 

49,7 mm. 


48,6 at##* 

48,9 mmu 


57.1 mm* 

m3 m. 

M 

53.4 wm* 

51,4 §ee. 

.23 

11.9* 

9.7% 

.03 

17 , 3 % 

1H.9% 

—.17 

20.8% 

80 . 4 % 

—.10 

20 . 6 % 

21 . 4 % 

—.39 

9.7% 

U% 


6.8 

2.6 

,17 

5.9 

5.6 

—.11 

10 , 8 % 

13 . 0 % 

—,41 

0 , 8 * 


—.48 

1,16 

1.86 

.on 

1.30 

bill 

.15 


practice, and these factors proved useful thereafter in the prae* 
tice on the old order. For example, several persons had failed 
to observe that the order of cards, diamonds, clubs, hearts, spades, 
was alternately rial and black. After working with a combina¬ 
tion that called for the two blacks together and the two min 
together, these persons made good use of the idea of alternating 
colors in the original order. 

While the group as a whole continued to iiciiuire speed during 
the period of interruption, a number of individuals failed to 
gain speed or actually lost speed. The Individual differences 
range from a gain of 16.5 per cent to a loss of over Id per cent, 
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Merely for convenience, we may speak of the persons who 
suffered from this particular form of interference as “ retarded ” 
because they failed to gain from practice under these circum¬ 
stances. 

The “retardation” is particularly noticeable in those excep¬ 
tional cases in which better than usual initial speed is combined 
with better than usual improvement from practice. The two 
workers who combined these qualities in a noticeable degree 
were among those most retarded by the periods of disturbed 
practice. Mr. G-ro., who by the eighth day had obtained first 
position in regard to absolute speed and second position in regard 
to amount of gain in speed, having gained 34 per cent, lost 10 
per cent between the eighth and thirteenth days (more than was 
lost by any other person). The same combination of circum¬ 
stances occurred in the case of Mr. Jos. almost as strikingly. 

The number of errors rises noticeably during the days of 
interrupted practice, and on the thirteenth day it is much 
greater than on any day preceding the disturbance of practice, 
as is clearly seen from the accompanying array of figures. 


Interference as Indicated by Errors. Actual Number of Errors Each Day 

344 ^ 

260 
111 * 

249 I Original order of practice. Average: 1.21 er- 

98* [ ror per trial. 

216 
97* 

250 
304 ^ 

315 I Practice interrupted by new order. Average: 
302 [ 1.46 error per trial. 

295 J 

310 Original order again. Av.: 1.64 error per trial. 

* Only four instead of eight trials on these days. 


Day 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 

12 . 

13. 
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What train is made in the -wore from the eighth to the thir¬ 
teenth day is made in spite of a eunsiderahle handicap from the 
larger number of errors on the latter day. Table VI indicates 
that those who gain most during the interval between the eight i 
and the thirteenth days have made leas errors betore the eighth 
day and will make less errors after the eighth day than their 
competitors. And they make less errors in spite of the faet; that 
.ire ant to he “slow,” and that the slower indi¬ 


viduals as a rule make more errors. 

2. A second indication of interference w the inability to pass 
over from one set. of renet ions to another without the loss of 
speed This faetor is eonsidered in Table VII and following 
tables’ and persons peculiarly subject to its iniluenee will be 
referred to as “disturbed.” tVrtnui persons are mueh more 
capable of making such a shift than others; in this experiment 
the least disturbed person took up the new order with a loss ot 
only one per cent in speed, while the most disturbed person last 
almost 2d per cent. The loss was measured on each of tour ‘lays 
and in order to he sure that it did not vary too mueh from day 
to day (for the new order was a different one each day and the 
worker might grow accustomed, also, to the interruption during 
the four days) the figures are given separately here for each 
day. The figures are also given for the corresponding stages on 
the eighth and thirteenth ‘lays (immediately preceding and fol¬ 
lowing the disturbed days) when no change <»f order occurred, 
in order to show that the loss of speed is really due to the change 


of order and not to the stage of the day’s work. 


Kilt tluy, n*> t’fmngi* of or*l«r* I 
yth d?iy* of how 

tOth tloy, disuttfo of oniftr* him 

Uth da%% rhnutfo of or*|t*r» 

12th cloy, <*lmnjto of <mlor, ltM'J. 

13th «lity f tin or*tor, fpt« 


Dividing the twenty-six workers into two groups as before, 
but now on the basis of whether they are disturbed or not in 
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taking np a new order, we find that the ££ disturbed’’ persons 
were also largely “retarded” with regard to the amount of im¬ 
provement from the eighth to the thirteenth days. The correla¬ 
tion between these two forms of interference (captions P and M 
in the tables) is relatively high (.43). The persons who were 
disturbed in passing to a new order only gained about one-third 
as much during the days of disturbance as the persons who were 
less disturbed. It also appears that disturbance of this type as 
well as the other is accentuated in persons who, for any reason, 
work at high speed. It also appears in this case as before that 
those persons who gain most from practice are the ones who are 
most subject to disturbance. Table VIII presents the same 


TABLE YII 


Data considered with reference to P, the loss in speed in passing from the 
practiced order to the new order 


A. Speed on first day 

B. Speed on second day 

C. Speed on fourth, day 
X>. Speed on sixth day 

E. Speed on eighth day 

F. Speed on thirteenth day 

G*. Speed when beginning new order 

H. Speed when ending new order 

I. % gain from 1st to 2nd day 

J. % gain from 1st to 4th day 

K. % gain from 1st to 6th day 

L. % gain from 1st to 8th day 

M. % gain from 8th to 13th day 

N. Bate of attack, first day 

O. Bate of attack, new orders 

P. % loss in passing from old to new 

order 

Q. % loss in old order due to inter¬ 

vening new orders 
B. Av. no. errors per trial, days 
1-8 


Av. record 

Av. record 

Correlation be¬ 
tween amount 

“disturbed” 

“undis¬ 

of disturb¬ 

group 

turbed” group 

ance and. 

64.6 sec. 

67.4 see. 

—.09 

57.2 sec. 

60.0 see. 

.... 

52.1 sec. 

55.1 see. 

.... 

50.4 sec. 

53.6 see. 

.... 

49.6 sec. 

53.7 see. 

—.34 

48.1 see. 

49.4 see. 

.... 

56.7 sec. 

55.9 see. 

.23 

52.5 sec. 

53.1 see. 

.08 

11.1% 

10.5% 

.... 

18.7% 

17.6% 

.... 

21.4% 

19.8% 

.... 

22.8% 

19.3% 

.30 

2.6% 

8.2% 

—.43 

4.0 

4.9 

.01 

7.2 

4.3 

.43 

15.5% 

8.2% 

.... 

2.3% 

1.3% 

.25 

1.25 

1.17 

.07 


S. Av. no. errors per trial, days 


9-12 


1.60 


1.33 


.22 
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TABLE YBI 

Data considered with reference to G, speed when beginning a 
after practice in the old order 


A. Speed on first day 

B. Speed on second day 
C Speed on fonrtli day 

D. Speed on sixth day 

E. Speed on eighth day 

E. Speed on thirteenth day 

G-. Speed when beginning new order 

H. Speed when ending new order 

I. % gain from 1st to 2nd day 

J. % gain from 1st to 4th day 

K. % gain from 1st to 6th day 

L. % gain from 1st to 8th day 

M. % gain from 8th to 13th day 

N. Rate of attack, first day 

O. Rate of attack, new orders 

P. % loss in passing from old to new 

orders 

Q. % loss in old order due to inter¬ 

vening new orders 

R. Av. no. errors per trial 


order 


Av. record 

Av. record Correlation be- 

“fast” 

“slow” 

tween low- 

group 

group 

speed and, 

59.9 sec. 

71.8 see. 

.74 

54.7 sec. 

62.5 sec. 

.... 

50.6 sec. 

56.7 see. 

.... 

49.0 sec. 

55.0 sec. 

.... 

48.5 sec. 

55.0 sec. 

.77 

46.1 see. 

51.4 see. 

.... 

52.2 sec. 

60.4 sec. 

.... 

49.0 see. 

56.7 sec. 

.93 

8.6% 

12.9% 

— 

15.4% 

21.0% 

.... 

18.0% 

23.2% 

.... 

18.6% 

23.6% 

.... 

4.9% 

5.9% 

.25 

4.1 

4.8 

.... 

6.0 

5.4 

.01 

11.0% 

12.7% 

.23 

1.2% 

2.4% 

.19 

1.06 

1.36 

.... 


matter in a somewhat different light. High speed on the new 
order itself, when beginning, is closely connected with high speed 
at all stages of the work, so that those persons who have attained 
a high speed at the end of practice are not, on that account, 
unable to begin at a high speed on the new order. On the other 
hand, those who begin the new order at a high speed will not 
have improved by practice so much before as those who are 
slower in this, as in the original order. Furthermore the cor¬ 
relation between high speed in the new order and immunity from 
loss in taking up the new order, while positive, is not elose (.23). 
All this means that certain high-speed persons will experience 
serious disturbance and consequent loss in transferring to the 
new order, and yet that they will be able to retain their relative 
positions still in rank of speed in the new order. 
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TABLE IX 

Bata considered with reference to JS, speed attained on the new order at 
the end of practice in it. This table is identical with Table 
VIII, except the column of correlations 


A. Speed* on first day 

Av. record 
“fast” 
group 

59.9 sec. 

Av. record Correlation be- 
“slow” tween speed* 
group and. 

71.8 sec. .77 

B. Speed on second day 

54.7 see. 

62.5 see. 

—- 

C. Speed on fourth day 

50.6 sec. 

56.7 see. 


D. Speed on sixth day 

49.0 sec. 

55.0 see. 


E. Speed on eighth day 

48.5 sec. 

55.0 see. 

.81 

F. Speed on thirteenth day 

46.1 see. 

51.4 sec. 

.... 

G. Speed when beginning new order 

52.2 sec. 

60.4 see. 

.93 

H. Speed when ending new orders 

49.0 sec. 

56.7 sec. 

—- 

I. % gain from 1st to 2nd day 

8.6% 

12.9% 

.... 

J. % gain from 1st to 4th day 

15.4% 

21.0% 


K. % gain from 1st to 6th day 

18.0% 

23.2% 

.... 

L. % gain from 1st to 8th day 

18.6% 

23.6% 

-- 

M. % gain from 8th to 13th day 

4.9% 

5.9% 

.23 

N. Bate of attack, first day 

4.1 

4.8 


0. Bate of attack, new orders 

6.0 

5.4 

—.37 

P. % loss in passing from old to new 
orders 

11.0% 

12.7% 

.08 

Q. % loss in old order due to inter¬ 
vening new orders 

1.2% 

2.4% 

.37 

B. Av. no. errors per trial 

1.06 

1.36 

.... 


* Note that speed means slowness in the correlations. 


It appears from Table VIII that the correlation is extra- 
ordinarily high (.93) between speed when beginning and speed 
when ending the new orders. As a matter of fact, the same 
thirteen persons lead in both eases, so that Table IX is identical 
with Table VIII so far as the grouping of persons is concerned. 
But the final speed on the new orders is more closely correlated 
with- speed in general, and still less closely correlated with the 
loss in passing over to the new order. 

As already indicated (p. 293), the number of errors increases 
on the days when new orders are practiced. The persons whose 
time records suffer most from the disturbance in passing over 
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to the new order make many more errors than the less disturbed 
persons during the days of interruption, although they had made 
very few more previous to the disturbaiiee. It should Is* noted 
that the diserepaney iTable Vlh in the number of errors (almut 
one-third of an error per trial ) is inconsiderable in comparison 
with the difference in the final seore \about four seconds per 
trial). 

Interferenee in this particular phase tenils to increase the 
number of errors while at the same time reducing the speed. 

The acquisition of speed in a new order may Is* more or less 
subject to interference from the fixed asHoeiatiuns of the old 
order. Table X shows the workers divided into two groups on 
the basis of the rapidity with which they adjust themselves to 
the new order. This is measured by the gain in speed ! rum the 
first pair of records in the new order to the second pair (also in 
the new order)• The figures are averaged tor lour days, and in 
order to give assurance of reasonable freedom from error on 
that account the figures for the separate days and for the same 
stage of work on the preceding and following days are appended. 

sth tlsiy, util unler, o.h*-;. gala 

<»th 

Hnh *i»y, m<w- «r4*% tU 1 /^ mw 

Iliti miw 

Hit, It thy* it*^ i*r»hr, XV X pun 

III! It tiny, <44 urthr* putt 

The amount of improvement shown in this short time by 
different individuals ranges from one per rent to thirteen per 
cent. Those who make the largest gains may he designated 
“quick beginners.” Ah might he expected, there is a positive 
correlation between gain in the new order ami speed at the end 
of practice on the new order. There is also a positive correlation 
with speed in general; that is, the “qtiiek beginners” are also 
“fast” persons in the regular praetiee, It should l«* noted that 
there is some correlation Irtween the rate of attack in these new 
orders ami the rate of attack on the very first day, as indicated 
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in Table X under caption N. Apparently there is a char¬ 
acteristic method of beginning new work, some individuals start¬ 
ing abruptly, others hesitating and then plunging quickly in. 
It is obvious that those who, for any reason, fail to do their best 
on the initial trial will be able to make a false showing of sudden 
improvement. This condition may account in part for the dis- 


TABLE X 

Data considered with reference to 0, the rate of attack in the new orders 
(Per cent gain of the second pair of records over the first 
pair in the new orders). 


Av. record 
group of 
4 ‘quick 
"beginners” 

A. Speed* on first day 65.1 see. 67.0 t 

B. Speed on second day 56.8 see. 60.2 t 

C. Speed on fourth day 52.8 see, 54.4 i 

D. Speed on sixth day 51.1 see. 53.0 s 

E. Speed on eighth day 50.3 see. 53.0 

F. Speed on thirteenth day 4=7.7 see. 49.9 

G. Speed when beginning new orders 56.6 see. 56.0 

H. Speed when ending new orders 51.6 see. 54.0 

I. % gain from 1st to 2nd day 12.1% ^.53 

J. % gain from 1st to 4th day 18.4% 18.1^ 

K. % gain from 1st to 6th day 21.0% 20.2^ 

L. % gain from 1st to 8th day 22.4% 19.83 

M. % gain from 8th to 13th day 4.6% 6.23 

N. Bate of attack, first day 4.8 4.1 

O. Bate of attack, new orders 8.1 3.4 

p % loss in passing from old to new 

orders . 9 ^ 

Q. % loss in old order due to inter¬ 
vening new orders 0.7% 2.9^ 

B. Av. no. errors per trial 1-14 1.2S 

* Note that speed means slowness in the correlations. 


Av. record Correlation be- 
group of tween quick 


“slow 
beginners” 
67.0 see. 
60.2 see. 
54.4 see. 
53.0 see. 
53.0 see. 
49.9 see. 
56.0 see. 
54.0 see. 
9.5% 
18.1% 
20 . 2 % 
19.8% 
6 . 2 % 
4.1 
3.4 


beginning 

and 


tinct positive correlation between tbe rate of attack on the new 
orders and loss of speed in passing over to the new orders. 
Persons who are disturbed in beginning the new orders start m 
upon them slowly, but quickly make great gains, and as they 
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are apt to be, as we already know, 4 ‘fast’ 5 persons, they soon 
attain to high speed in the new order. There is the further indi¬ 
cation that these persons are more apt to be “ learners 99 than 
not, and that they are apt to belong to the 4 ‘retarded’’ group 
with regard to their practice gains during the four days of 
interrupted practice. 

It is of passing interest to note that the actual speed when 
beginning the new orders is faster than on the second day of 
practice with the old order, and that the rate of attack on the 
new order is considerably faster than the rate of attack on the 
first day. In other words, the starting speed and the rate of 
learning in the new order are both better on account of preceding 
work in another order. 

3. It has been shown that certain persons cannot continue to 
gain from practice when that practice is interrupted by practice 
on antagonistic reactions. It is further true that certain persons 
cannot resume the former reactions at their former speed after 
being interrupted. It will be remembered that the experiment 
was so arranged that on four successive days the schedule called 
for two trials of the old or practiced order, then four trials of a 
new order, and finally two more trials of the old order. The loss 
of speed between the first trials (before interruption) and the 
last trials (after interruption) is set forth in Table XI. The 
amount of the disturbance ranges in different individuals from 
a loss of about 9 per cent to a positive gain of nearly 6 per cent. 
That is, for some persons the interruption helped, or at any rate 
did not seriously retard, the resumption of work on the old order. 

A considerable improvement may be expected between the 
first and last trials of any day’s work without regard to inter¬ 
ruptions, and the following figures are included in order that 
proper allowance may be made for this factor. 

8th. day, no interruption, 1.6% gain 
9th day, interruption, 1.8% loss 
10th day, interruption, 1.5% loss 
11th day, interruption, 1.5% loss 
12th day, interruption, 2.4% loss 
13th day, no interruption, 1.7% gain 
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TABLE XI 

Data considered with reference to Q, the loss of speed in the practical order 
on those days when a new order intervened between the beginning 
and end of 'practice on the old order. 


A. Speed* on first day 

Av. record 
“interrupted' 
group 

Av. record 
' “uninter¬ 
rupted” grouj 

Correlation 
tween amor 
of disturb- 
> ance and 

66.8 sec. 

65.1 sec. 

.15 

B. Speed on second day 

59.0 sec. 

58.2 sec. 


C. Speed on fourth day 

53.7 sec. 

53.5 sec. 


I). Speed on sixth day 

51.6 sec. 

52.4 sec. 


E. Speed on eighth day 

50.9 sec. 

52.4 sec. 

.04 

E. Speed on thirteenth day 

49.2 sec. 

48.3 sec. 


G-. Speed when beginning new order 

56.3 sec. 

56.3 sec. 

.19 

H. Speed when ending new orders 

53.5 sec. 

52.1 sec. 

.37 

I. % gain from 1st to 2nd day 

11.3% 

10.3% 


J. % gain from 1st to 4th day 

18.7% 

17.7% 

.... 

K. % gain from 1st to 6th day 

22.0% 

19.2% 


L. % gain from 1st to 8th day 

23.2% 

18.9% 

.18 

M. % gain from 8th to 13th day 

2.9% 

7.9% 

—.42 

N. Bate of attack, first day 

2.3 

6.6 

—.48 

O. Bate of attack, new orders 4.9 

P. % loss in passing from old to new 

6.6 

—.47 

orders 

Q. % loss in old order due to inter¬ 

13.4% 

10.4% 

.25 

vening new orders 

B. Av. no. errors per trial, days 

4.6% 

—1.0% 

.... 

1-8 

8. Av. no. errors per trial, days 

1.37 

1.05 

.26 

9-12 

1.56 

1.37 

.07 


* Note that speed means slowness in the correlations. 


Merely for the sake of convenience we may speak of those 
persons as “interrupted” who showed a loss and of those as “un¬ 
interrupted” who showed a gain, when the new orders were 
introduced in this way. Table XI shows that the individuals 
who were most “interrupted” made small progress from the 
eighth to the thirteenth day and that their losses were consider¬ 
able in passing from the old to the new order. They were very 
slightly slower than the “uninterrupted” persons at the be- 
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ginning of practice, and during its progress, and more distinctly 
so at the end of the new onion.. They gained more from regular 
practice than did the ‘‘uninterrupted." hut they gained less 
from practice on the new orders. In other words, the "inter¬ 
rupted” persons seem to he typical “learners, hut at the same 
time they are “retarded” as to the advance of the learning 
process during the period of interruptions and they suffer hack- 
sets in beginning upon new work. At the same time their rate 
of attack upon the new orders is slow. 

The “interrupted” persons fall into a few more errors than 
do their less interrupted competitors, hut this may 1 h> accounted 
for by the fact that they are slower, and “slow" individuals are 
prone to make mistakes. 

This portrait of the “interrupted” person does not cor¬ 
respond wholly with what we know of the “disturbed” group. 
The “disturbed” person is fast, and, apparently, his motor co¬ 
ordinations are well established. Any disturbance of the eon- 
ditions of his work upsets the co ordinations; he is momentarily 
arrested, then proceeds with alacrity upon the new work. 'Hie 
“disturbed” person exjHirienees difficulty in breaking away from 
a course of actions to which he is accustomed. The * inter- 
rupted” person, on the other hand, is so generally incapable 
that he performs neither the old nor the new w«*H, 

The phenomenon of interference presents both aspects, dis¬ 
turbance with regard to adjustment to new conditions, and inter¬ 
ruptions with regard to readjustment, to old conditions, lhe 
one affects primarily those persons who have attained to at least 
partial mastery over the necessary co-ordinations; the other 
affects primarily tlmse persons who are incapable, under the 
conditions, of developing such mastery. 
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YII 

ANALYSIS OF INTERFERENCE THROUGH 
INDIVIDUAL TRAITS 

Three distinct measures of the interference effect have now 
been considered: 

1. Diminution of practice gains as the result of taking up the 
practice of new orders. 

2. Loss of speed in passing from old to new orders of re¬ 
action. 

3. Loss of speed in the practiced order due to intervening 
practice upon different reactions. 

These three measures of interference correlate strongly with 
one another, and yet analysis shows that they rest upon different 
fundamental traits. Interference is not simple in its operations, 
but affects different persons differently, according to their 
native endowment and their capacity for learning. 

It may be of some interest to examine in detail certain of the 
characteristics of the individual persons who are most or least 
subject to the interference phenomenon in its three chief phases. 

In Table XII we see that there is a considerable overlapping 
in the personnel of the disturbed groups. In any one group 
there are five persons who are found in both of the other two 
disturbed groups. In any group there are six more who are 
found in one of the other groups. And there are two persons 
in each group who are not found in any other group. There are 
six persons who are entirely immune from interference. This 
table shows in this peculiar interlocking of the groups, the basis 
for the correlations between the various phases of the interference 
phenomenoh. 

In Table XIII we have a synopsis of Table XII in so far as 
it reveals certain of the characteristic traits of the individuals 
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tahIjK xtr 

Classification of the persons t cho suffer from different form* of interference. 

M P Q b b Q 


Subject Mr* Gro. 

to Mr. Jos. 

M, P, and Q Miss Hal 

Mr. Horn. 
Mr. Hoi. 


Subject to 
M and P 

not Q 

Subject to 
M and Q 
not P 

Subject to 
P and Q 
not M 

Subject to 
M only 

Subject to 

P only 


Not 
subject 
to either 

M, P, or q 


Miss Pit. 
Miss Tod. 
Miss Huth. 

Mr. Of. 

Miss (iotl. 
Mr. Fro. 

Mr. Brin. 

Mr. C’oo. 
Mr. Uur. 

Miss .lack. 

Mr. Ihiv. 

Miss McK, 
Mr. Fish. 


Subject to Miss Hod. 

Q only Miss Uy, 


Miss Mor. 
Mr, (lain. 
Miss Hcott. 

Mr. Hu, 

Mr. Bos. 
Mr. Po, 
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•with respect to the quality in quewtum. Unites are the ot pern 

not found among the first 13 in rank. 
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TABLE XHI 

Analysis of certain of the Characteristics of the Persons peculiarly subject to, or 
immune from, the Effects of Interference. 



M 

P 

. Q . 

M 

P 

Q 


^ jj? 

CD 

& 

U 

"a <3 

U Sj 

u o 


CD 

■8 

A cS 
u 

u o 

Of the thirteen persons in 
each group a certain 
number show the char¬ 
acteristics listed below. 

s most “ret£ 
8th to 13th 

s most “disti 
new order. 

s most “inte 
turn to old 

s least “rets 
8th to 13th 

s least “disti 
new order. 

a 2 

tp o 

-w o 
§fl 

— u 
«! 


Person 

from 

Person 
old to 

§2 

CQ 

PH cd 

Person 

from 

Person 
old to 

S3 ® 
o u 

CQ 

*•> 

(H a, 

Fast on the first day 

7 

7 

6 

6 

6 

7 

Slow on the first day 

6 

6 

7 

7 

7 

6 

Learners 1st to 8th day 

7 

8 

7 

5 

4 

5 

Non-learners 1st to 8th day 

6 

6 

6 

8 

9 

8 

Both fast and learner 

3 

3 

2 

1 

1 

2 

Both fast and non-learner 

4 

4 

4 

5 

5 

5 

Both slow and learner 

4 

5 

5 

4 

3 

3 

Both slow and non-learner 

2 

1 

2 

3 

4 

3 

Quick advance, new order 

8 

10 

5 

7 

3 

8 

Slow advance, new order 

5 

3 

8 

6 

10 

5 


who are either seriously or only slightly disturbed by the inter¬ 
ference phenomenon in the three ways indicated. The points 
brought out are the same as already discovered by statistical 
methods, but it may be worth while to reiterate them here, chiefly 
perhaps for the benefit of those readers who have a tempera¬ 
mental distrust of coefficients of correlation. 

1. Of the “retarded” persons who make the least headway 
over the period during which they practice new reactions, and of 
the “disturbed” persons who encounter a difficulty in taking up 
a new set of reactions, there are more individuals who start at a 
high rate of speed than at a low. But just the opposite is true 
of the “interrupted” persons who find difficulty in resuming 
the accustomed order after a change. 

2. It is very clear that those who suffer from interference 
of any kind are much more likely to be “learners,” who have 
gained considerably from practice, than not. And the majority 
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of those who are immune from interference are non-learners. This 
is particularly true of the disturbance in passing from a prac- 
ticed to a new order. 

3. The rare combination of fast worker and good learner is 
peculiarly liable to suffer from interference, while the com¬ 
bination of slow work and inability to learn secures practical 
immunity from interference, particularly in passing to a new 
order. Such a stupid person can do anything almost as well as 
that upon which he may he engaged at the moment. 

4. The most of those who are disturbed in approaching a new 
order, or whose advance is retarded by practice upon it, are able 
to advance rapidly in the new order itself. But most of those 
whose day’s work is interrupted by the interjection of new orders 
fail to advance much in the new order. 


VIII 


THE EXTENT OP THE PHENOMENA OP 
INTERFERENCE 

The part of the experiment which has been so far considered 
was devised primarily to permit of an analysis of the gifts and 
capacities underlying the phenomena of interference. Incident¬ 
ally, however, certain quantitative observations could not be 
avoided. Thus it is clear that practice beyond the eighth day 
results in a considerable improvement in speed m spite of the 
fact that regular practice is disturbed by the intrusion of prac¬ 
tice on antagonistic reactions. The actual amount of the im¬ 
provement from the eighth to the thirteenth day is considerably 
greater than the amount from the fourth to the eighth. 


Speed 3rd day, 56.2 sec. 
Speed 8th day, 51.7 sec. 

Gain_ 4.5 sec. 


Speed 4th day, 53.6 sec. 
Speed 8th day, 51.7 sec. 

Gain. 1.9 see. 


Speed 8th day, 51.7 sec. 
Speed 13th day, 48.8 sec. 

Gain. 2.9 sec. 
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Thus it appears that constant interference with practice does not 
prevent the steady growth of habit. Unfortunately the nature of 
the interference itself prevents the determination of any points 
on the practice curve between the eighth and thirteenth days. 
No adequate record of the speed could be obtained on those days 
because the speed was affected by the interference and because 
the usual number of regular records could not be made while the 
interference records were being made. 

A second indication of the amount of the interference effect 
appears in the fact that the speed obtained in the new orders, 
which are begun directly after the practice on the accustomed 
orders, is better than the speed at which work was originally 
begun. It is nearly equal in fact to the speed obtained on the 
third day of practice in the original order. 

Speed 1st day, original order, 66.0 seeonds 
Speed 3rd day, original order, 56.2 seeonds 
Speed when beginning new order, 56.3 seconds 
Speed when ending new order, 52.9 seeonds 
Speed 6th day, original order, 52.6 seconds 

Moreover, the improvement shown in the new orders as be¬ 
tween the first two trials and the second (last) two trials is as 
great as that shown in three days of regular practice. Any inter¬ 
ference which may appear in individuals is overshadowed in the 
whole group of workers by transference of skill from one set of 
reactions to another; four trials of any new order suffice to 
acquire a speed that it required six days, or forty trials, to acquire 
in the original practice. 

The observation of these facts raised the question whether 
the learning of a second set of reactions to identical stimuli in 
any way interferes with the execution of the accustomed re¬ 
actions. The classical experiments of Miinsterberg 5 show that 
both sets of reactions may exist side by side, but unfortunately 
he does not consider the loss of time which may possibly be in¬ 
volved in instituting one reaction rather than the other. 

5 Miinsterberg, H., Beitrdge sur Experimentellen Psychologie, (Frei¬ 
burg i. B., 1892), Heft 4, p. 69. 
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The relatively large interference tound by Bergstrom” mn^t 
be largely discounted in view of the subsequent and touch more 
radical experiments of Bair. 7 Eor Home reason a large part of 
the work upon this topic has been devoted to entirely secondary * 
points, such as the dependence of the interference effect upon Hie 
interval elapsing between trials, or upon the number ot practices 
given at a stretch before the change, or the total number ot prac¬ 
tices preceding the change. The recent paper ot I idler* 1 only 
partly presents what is really the practical question underlying 
all this work: Is the advance of learning in on*' set of renet ions 
seriously (or at all) disturbed by learning a different set of 
reactions to the same stimulus? In other words, can we learn 
to do a thing a new way without impairing the growth of the 

habit of doing it in the accustomed way? 

In order to answer this question more elearly a second set of 
experiments was instituted in the spring ot Ibid, Eighteen 
volunteer student workers were drawn from classes corresponding 
to those of the previous year. Every precaution was taken to 
have the conditions exactly the same as before. 

Practice was given for eight days in sorting the cards in the 
4 ‘old order” according to the. schedule arranged the year before. 
This practice (twice a week) corresponded exactly in every re¬ 
spect with the first eight days of practice in Ibid. There was 
just one difference, and that was that each day of practice was 
followed, twenty-four hours later, hy an equal amount of practice 
in sorting the cards in the order: claim, spades, diamonds, hearts. 
The result is that while the workers of this group had the same 
practice in the old order as their predecessors they had aim, on 
alternate days, an equal amount of practice in another order. 

Table XIV presents a comparison between the crude results 
of the two experiments. Allowing for certain irregularities in 
both groups on the eighth day, it appears from this table that the 
workers in the second, or u interference,” group were not able 


# Am. Jour , Psychol, 8 (1802), p, are? itml tl Cl SOI), p, Pin, 
7 The Practice Curve, New York, 1002, 
a Archives of Psychol, Ho* 24, 1012. 
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to maintain their original superiority in speed over the workers 
who had uninterrupted prnetiee the year hetnre. tnterterenee 
does seem to manifest itself slightly to the detriment oi those who 
were trying to learn to sort the eards both ways. 

But some allowance ought to to made for the fact liable 
XIV) that there happened to be more fast individuals (in 
regard to initial speed) in the second experiment than there were 
in the first. This fact- rather than the element «f interference 
mi-ht easily be responsible for the somewhat slower improvement 
of the second experiment, for as a mb* fast persons are not as 
capable of improvement as slow ones. In order to get rid ot this 
objection and make the two groups more direetly comparable a 
fresh computation has been made in which eertain persons have 
been eliminated from eaeli group, b'rorn tile second group have 
been taken four of the six fastest persons, leaving two who make 
better than 57.2 seconds as in the first group. From the workers 
in the tirst group alt have been eliminated who eoiitd not be 
paired (approximately) with persons in the second group. There 
remain 14 persons in each experiment, 'l’he aggregate time is 
exactly the same for the two groups and each individual in out¬ 
group is closely paired with some individual in the other group. 
The elimination has been made wholly on tin- basis ot the speed 
on the tirst day without any regard to the subse« t uent per¬ 
formance of those who remain or of those who are eliminated* 

Table XV shows tin- method of elimination, Table XVI 
shows the comparison of the two groups of workers alter elim¬ 
inating to make the two groups strictly comparable, It now 
appears that the group subjected to interference actually learned 
faster than the group which had uninterrupted prnetiee. Ap¬ 
parently tin* practice on the second order helped in the learn¬ 
ing of the first order. It is particularly interesting that the 

ii The great iHffernnee in the lultiiil «-»nm<*itiea of t««> gr.nijo, ttu- 

members of which came from |>wi;*w!,v the nsuiio eliour* of on two 

Bumwnivo y<*ar« T raunot fiiil to iiitftrwi on?* %ulM tii?« 

j/mioralizafckm from data obliaiiml from a milliardth*# 

individuals, Kv«m a low variation h no §ft«tfa«tm flat utmtfwr of 

pernanB will not pmmni an mitir*# difopoit ran no of vafamfnv* 
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TABLE XV 


Showing the initial speed of all the persons in both experiments, and show¬ 
ing which persons were eliminated because no person of a cor¬ 
responding speed could be found in the other experiment. 

First experiment 

Name 

Mr. Ott. 

Speed 

52.0 .. 

Second 

Name 

~ Miss Cow. 

experiment 

Speed 

53.6 



Mr. McC. 


54.5 



Miss Whit. 


55.3 

Mr. Bish. 

55.7 .. 

.. Miss Aek. 


55.7 



Mr. Sug. 


56.9 



Miss At. 


57.0 

Mr. Buck 

57.2 . 

.. Mr. Jen. 


57.2 

Miss Pit. 

58.2 




Mr. Har. 

59.1 




Mr. Gro. 

59.2 




Mr. Pro. 

59.6 ... 

Miss Sha. 


59.4 

Miss Sco. 

60,0 ... 

.. Mr. Bol. 


59.9 

Mr. Cook 

60.5 ... 

.. Mr. Hari. 


60.6 

Mr. Jos. 

61.0 . 

.. Mr. Pry. 


60.8 

Mr. Bav. 

61.6 .... 

.. Mr. Ga. 


61.2 

Miss Jack. 

62.5 . 

.. Miss Cock. 


61.2 

Miss McK. 

63.5 .. 

.. Miss Edg. 


62.6 

Miss Suth. 

63.7 . 

.. Mr. Ito 


64.6 

Miss Todd 

65.2 




Miss Bald. 

66.0 




Miss By. 

67.1 




Mr. Hel. 

68.1 




Mr. Cam. 

69.6 . 

.. Miss Bog. 


69.0 

Miss Mor. 

72.9 




Mr. Horn. 

73.7 .- 

.. Mr. Hig. 


74.0 

Miss God. 

74.0 . 

.. Miss Dy. 


74.8 

Mr, Bos. 

78.4 




Mr. Po. 

79.4 




Miss Hod. 

83.3 




Mr. Bris. 

86.0 




Av. before 

n . 



. 61.0 

QUHUIlaviUH 

Av. after 

elimination 

62.4 . 



. 62.4 
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second day shows a much larger gain over the first when a new 
order of work has intervened. This agrees perfectly with the 
theory that the learning process was facilitated in the first experi¬ 
ment on those days when new orders were practiced. 

The inference to be drawn from these experiments is that 
learning to do a thing in two different ways is not detrimental. 
It may even be helpful. How well the second order was learned 
we do not know. The cards could be sorted in the second order 
more quickly and with less feeling of effort than in the <£ old 
order.” There is no ground, therefore, for comparative measure¬ 
ments. 

While interference is wholly lacking as regards the steady 
development of skill in sorting the cards, yet it manifests itself 
in two ways unmistakably. Both Tables XIY and XYI show that 
the “rate of attack” was much faster with interference than 
with normal practice. That means that there was a loss of speed 
at the beginning of each day’s work due to the persistence of an¬ 
tagonistic tendencies from the order which had been practiced 
on the preceding day. The daily records are based on medians 
from which the extremely long and extremely short records have 
been excluded. In all probability the average for the day would 
be influenced by the slow records at the beginning of the day’s 
work, and an array of figures computed from averages might 
show an interference effect upon the practice gain. It is true, 
however, as shown here that the interference phenomenon is 
confined to a few trials on first beginning work, and does not 
effect the increase of skill in performing the action in the ac¬ 
customed manner. 

Interference shows itself again unmistakably in an increase 
in the number of errors. It has already been mentioned (p. 293) 
that the errors increased in the first experiment on those days 
when two different orders were practiced and also on the thir¬ 
teenth day when the old order was resumed after four periods 
of interruption. It is clear from Tables XIY and XYI that the 
number of errors was considerably greater in the second experi¬ 
ment (interference) than in the first (normal practice). No such 






314 University of California Publications in Psychology [T 0L * 1 

difference was discoverable on the first day of practice in the 
new experiment and no ground for its appearance on the later 
days can be found, except the antagonistic tendencies which per¬ 
sisted from practice on the interpolated order. Unfortunately 
it was not found practical to keep "a separate record of those 
mistakes which Culler aptly calls “relapses.” 10 


IX 

SEX DIFFERENCES 

Table XVII is arranged to show what differences there are in 
these experiments between men and women. The first experiment 
seems to give very definite results. The men are faster. They 
do not learn so fast at first but they learn more toward the end. 
The men attack the work more quickly at the beginning (first 
day). They suffer much more loss in the old order due to inter¬ 
ruption by the new order. They suffer more loss in passing to 
the new order. They do not gain so much in the new order, but 
they gain slightly more during the disturbed days from the eighth 
to the thirteenth. The men make more errors at all times. From 
all of this numerous interesting inferences might be drawn. But 
the second experiment fails to confirm the first in nearly all of 
these respects. It shows no sex differences of any consequence 
except that the men still make more mistakes. We are confronted 
with one of those cases in which the temptation to generalize is 
nipped in the bud by the failure of the experiment to permit of 
repetition. Inferences with regard to such matters as sex differ¬ 
ences are extremely dangerous at best, and the result shows in 
this ease how even quite clear figures resting on a fairly large 
number of eases may prove to be misleading. 

Something of the same sort happened in the case of a correla¬ 
tion which was established in the first experiment between youth 


10 Archives of Psychol USTo. 24 (1912), p. 59. 
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and capacity for improvement. No such correlation appeared in 
the second experiment. 


TABLE XVII 

Data considered, with reference to Sex 



First experiment 

Second experiment 


Men 

Women 

Men 

Women 

A. Speed on first day 

65.4 

66.9 

61.0 

61.0 

B. Speed on second day 

58.0 

59.3 

53.7 

54.1 

C. Speed on fourth day 

53.2 

54.2 

50.7 

50.4 

D. Speed on sixth day 

51.4 

52.8 

49,2 

48.9 

E. Speed on eighth day 

50.8 

52.8 

47.7 

47.4 

P. Speed on thirteenth day 

47.8 

50.0 



Gr. Speed when beginning new 





order 

55.4 

57.5 



H. Speed when ending new order 

52.1 

53.8 



I. % gain from 1st to 2nd day 

10.6 

11.1 

11.5 

10.5 

J. % gain from 1st to 4th day 

17.9 

18.6 

16.6 

16.6 

K. % gain from 1st to 6th day 

20*.7 

20.6 

19.2 

19.0 

L. % gain from 1st to 8th day 

21.4 

20.6 

21.6 

21.4 

M. % gain from 8th to 13th day 

5.6 

5.2 



1ST. Bate of attack, first day 

5.1 

3.6 



0. Bate of attack, new orders 

5.5 

6.0 



P. % loss in passing from old to 





new orders 

12.3 

11.2 



Q. % loss in old order due to in¬ 





tervening new orders 

2.4 

0.9 



B. Av. no. errors per trial, days 





1-8 

1.32 

1.06 

1.69 

1.10 

S. Av. no. errors per trial, days 





9-12 

1.52 

1.38 




X 

THE INFLUENCE OF THE INTERVAL BETWEEN 
SITTINGS 

Numerous experiments have given indications of a law of 
diminishing returns in the process of learning, through the opera¬ 
tion of which each of a series of repetitions is rendered less effec¬ 
tive than an earlier repetition in the series. And at the same time, 
it has been conclusively shown that repetitions are more effective 
which are well separated from one another in time. Thus the 
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maxim has been accepted that the economy of learning is pro¬ 
moted by making only a few repetitions at rather infrequent 
intervals. Most of the experiments upon which these conclusions 
are based have been concerned with that type of learning 
which is manifested in rote memory and more particularly the 
learning of nonsense syllables or of codes. On the other hand, 
the common practice of those who teach typewriting, telegraphy, 
and the playing of musical instruments seems to indicate a belief 
in the effectiveness of numerous and frequent repetitions in that 
type of learning which involves the automatization of motor re¬ 
sponses. 

The program for the first of the two card-sorting experiments 
was so arranged that half the workers practiced five times each 
week while the other half of them practiced only twice a week 
(i.e., either Monday and Wednesday or Tuesday and Thursday). 
Improvement is measured from the first to the eighth day (the 
last day of undisturbed practice) in per cent of the first day’s 
speed. No very clear results appear. The improvement shown 
by the slow individuals weighs too heavily in the average, and 
the range of achievement (some improve three times as much as 
others) is too great, to permit of a fair comparison of the results 
obtained from the two schedules. 

The results as they stand (Table XVIII) indicate that the 
persons taking the daily schedule were, on the average, slower 
than the others, and so had a better chance of improving, and yet 
their relative gain is less. But this result is so evidently de¬ 
pendent upon the work of certain individuals that no reliance 
can be placed in it. 

If instead of the average gain we consider the median, we find 
that the improvement by practice twice a week is not so great as 
by daily practice. If we eliminate from each group all the indi¬ 
viduals who cannot be closely paired with an individual in the 
other group, we have left only five in each group. These five are 
starred in Table XVIII. Starting with approximately the same 
initial speed, the five who worked twice a week made greater 
gains than the five who worked daily. 
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TABLE XVIH 


The advantage of daily practice over practice twice a week. The gain 
calculated from the median record of the first day to the 
median record of the eighth day. 


Daily practice 


Name 

Speed 
1st day 

Gain % from 
1st to 8th day 

Mr. Har.* 

59.1 

12.7 

Miss Scott.* 

60.0 

15.8 

Mr. Jos.* 

61.0 

29.4 

Mr. Dav. 

61.6 

22.7 

Miss McK.* 

63.5 

20.4 

Miss Todd. 

65.2 

17.8 

Miss Bal. 

66.0 

26.5 

Miss By. 

67.1 

17.7 

Mr. Hel. 

68.1 

23.7 

Mr. Cam. 

69.6 

17.4 

Miss Mor. 

72.9 

19.7 

Mr. Horn. 

73.7 

26.7 

Miss God. 

74.0 

18.1 

Mr. Bos.* 

78.4 

22.8 

Average 

© 

© 

sec. 20.8% 

Median 

66.5 

20.0 


Av. starred 
or paired 


Practice twice a week 


Name 

Speed 
1st day 

Gain % from 
1st to 8th day 

Mr. Ot. 

52.0 

14.6 

Mr. Pish. 

55.7 

17.4 

Mr. Buck 

57.2 

10.7 

Mr. Gro.* 

59.2 

33.8 

Mr. Pro.* 

59.6 

13.1 

Mr. Coo. 

60.5 

18.0 

Mr. Doug.* 

60.9 

14.6 

Miss Jack. 

62.5 

11.8 

Miss Suth.* 

63.7 

24.2 

Mr. Po.* 

79.4 

28.4 

Miss Hod. 

83.3 

37.4 

Mr. Bris. 

86.0 

30.2 


65.0 sec. 21.2% 
60.7 17.7 


persons 64.4 20.2 64.5 22.8 

Note. —Table XVIII omits Miss Pit., who practiced three times a week, 
and includes Mr. Doug., who does not appear in previous tables because 
his work did not extend beyond the first eight days. 


XI 

THE INFLUENCE OF THE NUMBEE OF EEPETITIONS 
AT A SITTING 

It will be recalled that the schedule (see page 273) of the 
practice work called for only four trials on the third, fifth and 
seventh days, whereas there were eight trials on all the other days. 
It was the object of this arrangement (which may have proved 
rather confusing to the reader at times) to discover whether the 
improvement resulting from four rounds of practice was appreci¬ 
ably less than that resulting from eight rounds. 
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The possible advantages to be derived from increasing the 
number of repetitious made at a sitting are of two sorts. In the 
first place, the prolongation of the practice may result m the 
achievement of a higher level of efficiency at that time. Having 
reached this level, one expects to be able to advance beyond it on 
a subsequent occasion. One aim of practice is to increase skill as 
much as possible at each lesson, and conceivably, this purpose may 
be promoted by prolonging the process of repetition. 

The data for the second, fourth, sixth and eighth days, on each 
of which eight practice records were made, indicate that there is 
a slight chance that a better single record will be made m the 
second half of a forty-minute period of practice than in the 
first half, but that this chance is less after the stage of most 
rapid learning has been passed. Table XIX is based upon a com¬ 
parison of the best of the first four records and the best of the 
last four. If the continuation of the practice is immediately 
profitable, a better record will be found among the last four 
records than has been made in the first four. On the second day 
of practice there is a very considerable chance of doing better in 
the second half of a forty-minute period. This is undoubtedly 
due to the fact that the improvement is still very rapid on the 
second day. There is still much which can be learned during the 
hour. But after that day practice becomes more a matter of 
routine and the improvement during the sitting is comparatively 
slight. 

The results of practice which are not immediately gathered 
in the form of greater skill at the end of the hour may be looked 
for on the following day. Is it true that longer practice gives 
greater facility on the following day? If so, it should be true 
that the records for the day following a long practice show a 
greater improvement over the records of the preceding days than 
is shown after a short day’s practice. Here the results are 
ambiguous and various modes of presentation have been adopted 
in Table XX in order to present the actual facts with as little 
distortion as possible. 







320 University of California Publications in Psychology [ VoL - 1 


TABLE XX 

Comparison of the returns from a short day’s worh {4 trials) with the returns 
from o long day’s worTc (8 trials). 


.2 a 

r3 2 

a ® 

a 

CD W 




Gain from day to day 

Second day (long) to third day (short) 

Third day (short) to fourth day (long) 

Fourth day (long) to fifth day (short) 

Fifth day (short) to sixth day (long) 

Sixth day (long) to seventh day (short) 

Seventh day (short) to eighth day (long) 

N 0TE ._Table ^ includes the records of 31 workers, all of whom were 

available for this part of the experiment though the work of some of them was 
available for other parts of the experiment. 


CJ'd rt 

3.6% 

4.4 
0.4 

2.4 

1.5 
— 1.2 


•MOS 

o+s 

CO • 
CD _i H 

§ 

03 O 5 . 
^ “ PI 

g h ° 


S3 

2 ■*«» rS 

* g 2 S 
5.9% 
4.3 
0.6 
1.7 
2.2 
—1.7 


« ^ .S 

o 


iris 
2^2 = 
-u m 

w +J'2 
‘2 » 03.2 

9.8% 

7.9 

4.5 

5.8 
5.2 

2.9 


© CD J 


.SgJ 

a © 2 
J° 


O ■** 

£ o 


i-tf J* 

'O 


*2 ^•-"S bo 

_« Oi f-( r-r 

Ot3«p1.5 

3.6% 

4.3 

0.4 

1.7 

1.5 

—1.7 


In the first place we may consider the improvement from day 
to day as measured from the median of one day’s work to the 
median of the next (the first column of Table XX). In that 
case there is no advantage for the longer sittings. In fact, there 
seems to be a somewhat greater gain on the day following a short 
practice sitting. But this method of measurement involves an 
obvious error. The gain from a short day to a long day may be 
greater simply because of the gains made during the course of 
the long day, whereas the gain from a long to a short day may 
seem too small because there is not so good a chance to make a 
good record on the short day. 

In order to avoid this difficulty a second mode of measure¬ 
ment has been pursued. This proceeds to consider only the first 
four trials of any day and in case there were more simply ignores 
them. We then have the improvement from day to day, but 
there is the additional factor that on certain days there were 
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four rounds of practice which were extra. The second column 
in the table shows that the improvement was greater after the 
days when there was extra practice. The extra practice also gives 
an advantage with regard to the possibility of making a single, 
sporadic record on the day following. These particularly good 
attempts reach a higher level on the days after a long day’s prac¬ 
tice than on the days after a short day’s practice (third column 
in Table XX). 

Finally, the last column of Table XX gives the answer to 
the question: Does the extra practice of the longer sitting result 
in an improvement on the following day beyond the gain which 
is made during the latter part of the day on which the prolonged 
practice occurs? In order to measure this we measure from the 
median of each day (whether long or short is not considered) to 
a definite point in the following day’s work, namely, the end of 
four rounds. We measure so from the whole performance of one 
day to a fixed point (which is always reached) the following day. 
This method shows that the advantage of the extra practice in 
the longer sittings is used up during the course of the longer 
sitting itself and that the following day does not show a further 
improvement. The final conclusion seems to be that the extra 
practice of a. longer sitting gives immediate results, but does 
not make an unusual gain possible on the following day. 


Transmitted November 18, 1913. 
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DIURNAL VARIATIONS IN MEMORY 
AND ASSOCIATION 

BY 

ARTHUR I. GATES 

I. The Problem and the General Method of Procedure 

A year ago, the writer attempted to summarize the more im¬ 
portant results obtained by earlier investigators on the problem of 
diurnal variations in efficiency, adding certain experimental find¬ 
ings of his own obtained by tests upon school children. A more 
extended discussion of the problem, its significance, and diffi¬ 
culties will be found in that article. 1 

The present investigation differs from the earlier one in several 
respects. In the present work adults served as subjects in the 
tests, which were extended over a greater portion of the day than 
previously. In the first investigation, moreover, tests for a variety 
of mental and motor functions were employed, while in the 
present work the tests are all included in the general field of 
memory and association. 

One hundred and sixty-five college students, members of a class 
in elementary psychology, served as subjects for the experiments. 
Three full days were required to complete the experiments. The 
temperature on the particular days chosen varied from 56 to 66 
degrees Fahrenheit. The tests were given to groups, each includ- 

i Variation in Efficiency during the Day, together with Sex Differences, 
Practice Effects, and Correlations, XJniv. Calif. Piibl. Psychol., vol. 2 (1916), 
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ing f rom .six to fourteen students nt each hour at the tiny, rxvept 
from n oon to 1; tut o'clock, the first beginning at M:W \.M. and 
the last at 5:00 p.m. The subjects were seated at a long table, at 
one end of which stood the experimenter. 'Ho* tests won* given 
in tin* order in which the results an* [.resented in this artiele. The 
time required for all the tests of any single sitting was about 
half an hour. 

For the purjw.se of gaining fuller informal.on with regard to 
his habits of life and especially of variations from the normal 
routine of the day. the following questionuirc was tilled out by 
each student: 


L Nam«. 


2, vwtr. 

3, IHil ytmiU liny t^witiity iuirtt *»vU h^yl What! 

4, llitl yttu 4n :u*y *M§**n 4 hiUy I«ir4 ttiii trntff 

5, What tiflin 4n >tttt usually t« tnntf 


Witfitt 


6. What tint® *!» you mtmllf ml ui»f , , 

7, tm tiro* *f In t.-« hm nwM ^ th* **»* •* »P 

llthi mmnlm 4tifnr i‘r<w fW Ifnw muchl 

a Il» yotl uauuily nstf ;t lir*n nr 1 tn#nU,*if! 

|l, I!ti you iittititlly *»t » » s ? * luii^itf 

10 , Anv •»\t***I*t**m with rr.^tf.i tM flH'.Uo* 

IU What hoar* 4n yntfc thitth »m yimr h^t f.*r w**r!. «r ,4tn4yf 

12* Whitt urn >ntir mn*»ir‘ let IihJm’vi®^ ml 


Th® atmwiri to qtiwiliott i dmwrd Itiat lit® majority ot thm* 
students go to bed at lit; no or U :»*» oVioek, The following 
table shows the distribution : 


Hour . 

.... 


No. of t**..*. 

I 

H 

Pur € ft tit 

0.4 

JO 


The billowing table show: 

Hour ....... •' HW 

No. of lud*. ..... ( 

Per rent ..... ■•.■■■' (■** 


fivin 

imm 

lit'Ilit 


lt :»0 

itl 

41 

11 

«n 

11 

$UJI 

1 / H 

-ft « 

4 *i n 

!U 


the tun** <<f getting up 


.Hill 

flit! 


»MH *;>:w 

II 

O 

51 

lift 51 

fill 

11 ,tf 

21 

IT,4 23.T 


12:00 

7 

::.y 


8:00 

8 

t.S 


Heven o’eloeli is the favorite hour of rising, although about 
one-fourth arise at 0: do and another fourth at 7:00 

The matters of chief importune.- m the. i-..nu>>tio»i are the 
departures from the normal habit’, of life on the part ot the sub- 
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jects. Answers to 2, 3, 7, and 10 gave the information with regard 
to such departures. In most cases where the subject had gone to 
bed much later than usual, had got up much later than usual, or 
missed a meal, or had some especially hard work just before the 
test, the data from him were not included. 

Following are the chief factors, in addition to those just 
enumerated, which seemed to give just reason for discarding a 
subject’s work: (1) Copying from others or using unfair methods 
of any sort, although such cases were very rare; (2) lack of 
interest, or inattention; (3) physical defects, such as conspicuous 
defects of sight or hearing, or sickness, bruised fingers, and the 
like, when of such a nature as to interfere with maximal perform¬ 
ance; (4) failure to understand directions, etc., after the test had 
been started. 

On the whole, however, nearly all of the subjects conformed 
to all the rules of the tests and the results were considered trust¬ 
worthy and to be the products of their very best efforts. Many 
minor differences among the individuals existed with regard to the 
character of the day ? s activity. Some had many and some had few 
college exercises before the test; some had done more and some 
less studying than usual. The possibilities of such differences 
were, of course, greater for those coming in the latter part of the 
day; but except for reasons mentioned above, the data from all 
subjects were retained. Perfect conditions would consist in an 
identical programme for the day for all the subjects, one in which 
very little or no fatiguing work was done; but such conditions 
could not be obtained. 

The following table shows the distribution of individuals 
according to their preferred hours for study and work: 









,J2t> Vnivorsitu of California Pit hU<‘atbns in Psych oloff}/ f Vou 1 

THt' morning hours art* preferred by most. individiuds, with the 
.Jing hours m'xt in order. Nine *.». - the most popular hour, 
although 8 A.M. in preform! by nearly ns many prrsons. Ten a m. 
follows next in order of pretVrenee and ti atul i \M. rank higher 
than the best afternoon or evening hours. Eight i*.m. in the 
preferred evening hour am! 4 anti * are the preferred after¬ 
The reasons given by the subjeets for behevmg that their pre¬ 
ferred hours are really their best hours are very mueh alike. In 
almost every instanee the reasons amount merely hi an opinion 
based on their suhjeetive feelings. An effort will he made 
in this work to .liseover how ebwely the eurve of distribution of 
preferred hours follows the eurve of r»*al etTieieiiey as shown by 
the experimental findings. For the morning hour, the reports am 
of this sort : "l feel more ettefget ie; ’ ’ ’ * I am m better eom lim 
phvsieaUy am! mentally." "My m>nd » eb-arer and the hki. 
Those who prefer the »ffenm-.n hours report ', * l have got into 
the swing better;" "! am more wide awake; and so on. Hie 
statements with regard to the evening hours are mueh the same, 
nlth.nigh those preferring the late eveumg and the very early 
morning hours attribute Umir greater em-nmey to the existenw 
of fewer distmefioiH at those Many admit that they seem 

tll h!lv , greater stmeess at a partieular time largely heeause. on 
lieeount of the foree of eireuiustauees or hy arbitrary eltmre, it 
hwi heeouie habitual for them to do th-ir Hardest work at those 

hours. 


U, 'IVm ik Arnttotn Mt.Motn 
K„ r « tout in auditory memory the following series of digits 
were used; mklt IK*. W’M. 

l tailed in.truetio.n with regard to He* method of eonduetmg 
the tests were «ive„. Hm digits, i-gummg «‘*h 
series, were read sharply ami without rhythm a* th-* rate ot em 
eneh three fourths *»f n *.id *he rat** being hv d by 
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pendulum invisible to the subjects. The tests in auditory memory 
was given first of all to the groups on the first two days of the 
experiment, and second (following the visual series) on the last 
day. 

The results are given in terms of the average (mean) spans 
with the mean variation, and of the median spans of the indi¬ 
viduals in the different groups. By the “span” is meant the 
longest series reproduced correctly in toto . But in ease a series 

TABLE I. AUDITORY MEMORY 

The Absolute and Relative Mean and Median of Digits Reproduced 
at Different Hours 


A.M. P.M. 

_A___A 


Hour. 

. 8:00 

9:00 

10:00 

11:00' 

r l:G0 

2:00 

3:00 

4:00 

5:0(5 

No. of 
subjects.... 

23 

23 

28 

28 

25 

25 

25 

30 

25 

Av. No. 
digits. 

7.81 

7.61 

7.72 

8.08 

7.60 

7.38 

7.67 

7.46 

7.33 

Mean 

variation 

1.20 

1.10 

1.15 

1.05 

1.40 

1.07 

0.92 

1.00 

1.10 

Mean, 
per cent.... 

100.0 

97.5 

98.8 

103.3 

97.4 

94.5 

98.2 

95.5 

93.8 

Median. 

7.00 

7.20 

7.20 

7.50 

7.40 

7.30 

7.40 

7.10 

7.08 

Median, 
per cent.... 

100.0 

103.0 

103.0 

107.0 

105.8 

103.9 

105.8 

101.4 

101.0 


A.M. 


P.M. 


_A_ 

Hour 8:00 9:00 10:00 11:00 


_A_ 

1:00 2:00 3:00 


"iioo iiob 


Mean.... 



Median 



Eig. 1.—Auditory memory.* The diurnal course of memory for 
auditory digits 

* The diagrams are based on the percentage columns in the corespond¬ 
ing tables. 
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was correctly reproduced entire, following two or more incorrect 
series, the correct series preceding the failures was taken as the 
span. Thus, if an individual reproduced a series of six digits, 
failed at seven and eight, succeeded at nine and failed thereafter, 
the series of six digits was considered the span. The results are 
given in Table I. 

The mean and the median both show a marked and steady 
increase in efficiency during the forenoon, with the exception that 
the mean for 8 o’clock is high compared to that for 9 or 10 
o’clock. The median for this hour, however, is lower than for 
any other forenoon hour. The maximum efficiency for the day, 
according to both methods of computation, is at 11 o clock. 
Efficiency at 1 o’clock is lower than at 11 o’clock and at 2 o’clock 
it is still lower, whence it moves upward to the afternoon maxi¬ 
mum at 3 o’clock. According to the median, however, 3 p.m. is 
equal in efficiency to 1 p.m. ; and although the mean at 1 p.m. is 
less t^n at 3, it is greater than at 2 o’clock. It will be noticed, 
however, that the mean variation is greater at 1 o’clock than at 
any other hour of the day, indicating the small reliability of this 
measure. In general, there is a steady and pronounced increase 
in efficiency during the forenoon, a fall following the lunch hour, 
an increase at 3 p.m., and a final drop at the end of the day. 


III. Tests in Visual Memory 
The following series of digits were used as tests of visual 
memory: 6283, 57294, 241738, 2170463, 27986543, 215903847, 
5978024318, 57402623871, 183570467392. The displays were 
made up of black gummed digits two and three-fourths inches in 
height, pasted on white cards two and a half by three and a half 
inches in size, which were pasted in series on a strip of gray cloth. 

The strips were exposed in order of length, beginning with the 
series of four digits. The folded strip was held before the sub¬ 
jects, the word “ready” was given and the strip was drawn taut 
with a snap, exposing the series. The subjects wrote the digits 
as soon as the strip was taken from sight. The time of exposure 
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varied with the length of the series, being determined by multi¬ 
plying the number of digits in each series by three-fourths of 
a second. 

The method of treating the data and computing the results 
was the same as that employed in the tests of auditory memory. 
The results are stated in the absolute and relative number of 
digits reproduced, determined by the arithmetical mean and 
median. 

TABLE H. VISUAL MEMORY 

The Absolute and Relative Mean and Median op Digits Reproduced 
at Different Hours 


Hour. 

. '8:00 

A.M. 

A 

9:00 10:00 

11:00' 

loo" 

2:00 

P.M. 

3:00 

4:00 

5:0(5 

No. of 
subjects.... 

23 

24 

28 

24 

24 

25 

26 

26 

25 

Av. No. 
digits- 

8.00 

7.95 

8.14 

8.14 

7.84 

8.08 

8.15 

8.17 

8.00 

Mean 

variation 

1.25 

1.13 

1.06 

1.19 

1.20 

1.30 

1.08 

1.16 

1.20 

Mean, 
per cent.... 

100.0 

99.3 

101.5 

101.5 

98.0 

100.1 

101.7 

102.0 

100.0 

Median. 

7.50 

7.50 

7.70 

7.60 

7.25 

7.50 

7.80 

7.60 

7.50 

Median, 
per cent.... 

100.0 

100.0 

103.0 

101.5 

96.7 

100.0 

104.0 

101.5 

100.0 




Fig. 2.—The diurnal course of visual memory 


In many respects the course of efficiency in memory for visual 
digits is the same as for auditory digits. The general increase 
in efficiency during the forenoon is evident, although the same 


property of 

CMNEGiE SNSTITOIE OF TECHROUISY 
LIBRARY 
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exception is found with regard to the S o dock hour - -i.t\* 
superiority of that hour over 0 o block, as shown by the mean tu 
not by the median. In the ease ot visual memory* howe\e 
11 a.m. Is barely equal to 10 a.m. according to the mean* and 
slightly inferior according to the median. In the aiternooiu Iroi 
the fall at 1 i\m. there is a sternly increase in efficiency unt 
3 c.m., as shown by the median; ami the mean indicates that th 
increase persists until 4 e.M. Both measures show a decrease i 
efficiency following 4 o'clock. On the whole, there is a high degn 
of eorrespondenee between the curves tor the two to ruts \ 
memory for digits. 


IV, BuftKTiWTioN Test 

For a test in the rapidity of learning* a form of code w 
used, 11 This tost gives a fair measure of the rapidity with who 
assoeiations are formed by repetition. The associations consist 
the formation of connections between a series of nine symb 
and nine digits, and are established gradually its the test procee* 
The material consisted of printed cardboard key torn 
three by seven inches* (containing nine circles, in cadi ot whi 
was enclosed*the symbol and the corresponding digit; and al 
of test sheets eight and a half by eleven indies in sb*\ on en 
of which wen* printed two columns ot twenty live rows ot Is 
symbols each* with blank spaces to correspond, Atbgefhe*, e*t 
nhcct contained 2nd symbols and 2b* blank spaces, 

The test sheets and the keys wen* passed to the subjects, I 
keys face downward and the test sheets face upward in prof 
position. The method of conducting the test tuts IliHt e\pbi! 
in detail. Six minutes were allowed for tie* work, 

The test sheets were cheeked up for errors and, exdudi 
them, the total number of digits writ!mi was computed, 1 

results are given in Table IIL 

Again an Increase in efficiency during the forenoon is ton 
although 11 oblock is slightly inferior to lit oblock. The aft 

n Por a tHsmssion of this test, nee Whipple, U, M*» Mamud **f Ple/i 
and Mental Tents (litHI), |»|». MM If, 
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noon maximum stretches from 2 to 4 o’clock, the figures for these 
hours being nearly the same. The hours of lowest efficiency for 
the day are 1 p.m. and 5 p.m., the latter being slightly below the 
former. The curve, in a general way, is very closely akin to those 
found for the previous functions. 


TABLE III. SUBSTITUTION TEST 
The Absolute and Relative Mean and Median for Different Hours 


Hour. 

No. of 

8:25 

9:25 

10:25 

11:25' 

1-25 

2:25 

3:25 

4:25 

5:25 

subjects.... 

18 

23 

25 

23 

19 

23 

27 

24 

21 

Av. No. 

digits_ 

Mean 

variation 

174.0 

179.0 

183.4 

181.8 

167.0 

179.0 

177.0 

176.6 

164.0 

33 

30 

31 

27 

30 

31 

33 

34 

31 

Mean, 

per cent.... 

100.0 

102.7 

105.2 

104.3 

96.0 

102.6 

101.5 

101.2 

94.3 

Median. 

174.0 

176.0 

181.0 

180.0 

166.0 

169.0 

170.0 

170.0 

165.5 

Median, 

per cent.... 

100.0 

101.2 

A.M. 

A 

104.0 

103.4 

95.5 

97.2 

97.7 

P.M. 

97.7 

95.3 

Hour 8:25 

9:25 

10:25 11:25 1:25 

2:25 

3:25 

4:25 

5:25 


Mean.... 




Big. 3.—The diurnal course of efficiency in the substitution test 
Y. Tests in Recognition 

The material consisted of a sheet of twenty-five geometrical 
figures for a learning series and a larger sheet containing the 
original twenty-five figures mixed indiscriminately with twenty- 
five new figures for a test series. The subjects marked off on the 
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test sheet the recognized figures. No one Hueeeetied in recognizing 
all of the figures, and very few completed the tests without 
erroneous recognitions. 

The method of conducting the test was explained in detail and 
both sheets were passed out face downward. ^ One minute was 
allowed for the study period and two minutes for the recognition 


TABtiK IV. UBCOUNITION TRHT 
TUB absolute and Relative Mean am* Mkman or Ptutmiw i'oiwectly 


Hour... 

r 8:30 

" S):30 10:30 

mao' 

Tm 

8:00 

’ 0:00 ^ 


5:3(1 

No. of 
subjects.... 

tit 

24 

20 

88 

24 

85 

27 

20 

22 

Ay. No, 

rooo^ni'/.tnl 

uu 

I4.fi 

15.1 

14.8 

ia.fi 

14.0 

15,8 

18.3 

16 J 

Moan 

variation 

2.5 

8.8 

2,7 

8.0 

8.1 

8.8 

*» i, 

:u 

3.3 

Moan, 

jkt 

Mini inn ...... 

100.0 

11.7 

m.5 

15.»» 

115,0 

15.0 

100.0 

14.5 

I§4,0 

12,5 

107.0 

11.2 

IUIH 

tr*,8 

184.5 

till 

124.5 

10.0 

Mod ian t 

pur cont;.... 

100.0 

128.0 

118,0 

184.0 

107.0 

121.0 

llIl'MI 

137.3 

138.6 




|d|g # JTho diurnal tif ^ilkwtiry t*f fttfurua 
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The data were scored by counting the number of figures cor¬ 
rectly cancelled and the number incorrectly cancelled. Twenty- 
five would be a perfect score. The results have been computed, 
first, on the basis of the number of figures correctly cancelled; 
second, on the basis of a penalized score in which, from the num¬ 
ber correctly recognized, one credit is deducted for each erroneous 
recognition; and finally, tabulations have been made of the 
number of errors occurring at each hour. 

Table IY gives the results according to the first method of 
computation. 

The main features of the curves for efficiency in the recog¬ 
nition of figures are the same as those found for the functions 
previously considered. The differences from hour to hour, especi¬ 
ally those chosen by the median, are exceedingly great, the relative 
differences being here many times greater than those found in the 
memory tests. Both mean and median agree in showing a large 
and steady increase during the forenoon, which has ceased, how¬ 
ever, by 11:30 a.m. Compared to the efficiency of the morning 
hours, a decided drop is evident at 1:30 p.m., which is followed 
by a steady increase until 4:30 p.m. ; 5:30 p.m., although lower 
on the curve than 4:30 p.m., is still very high, but it will be noted 
that the mean variations for the last hours are very high. On the 
whole, there is a high correspondence between the general form 
of the curves for this function and those previously considered. 

Table Y gives the results when, from the scores just con¬ 
sidered, one credit was deducted for each erroneous recognition. 
It is very probable that this arbitrary method may give a good 
index of the real efficiency of many individuals. Some subjects 
work cautiously, making but few erroneous judgments. Others 
are less careful, marking out almost any figure which seems at all 
familiar; and, by increasing the number of cancellations, mark 
out a greater number of the proper figures, in many cases by 
mere chance, since the numbers of right and wrong figures were 
equal. The arbitrary penalty has for its basis the fact of equal 
distribution of right and wrong figures, and one credit is there¬ 
fore deducted for each error. 
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TABLK V 

The Absolute and Relative Mean and Median or Ftotwss Reugunmed 
(PENALISED Huger) 




A.M, 




ISM. 

. A> 



Hour.....,...— 

'8:30 

0:30 

10:30 

11:30 

' 1:30 

2::;» 

3:30 

4:30 

5:3tJ 

Av. No. 
recognized 

i 0.8 

12.3 

13.2 

12.5 

11.5 

12.0 

UU» 

13.0 

12.8 

Mean 

variation 

2.0 

u» 

1.5* 

LH 

1.51 

l.S 

l.S 

2.1 

2,0 

Mean, 
per cent,... 
Median ...... 

100.0 

lt.l 

it 5.7 
12.0 

122.2 

nui 

115,# 

12.3 

too.r* 

10.11 

llt.O 

11.0 

120.0 

t:i.o 

120.0 

13.5 

lis.il 

13.0 

Median, 

per cent,.,. 

100.0 

10S.11 

117.0 

It 2.0 

OiU 

011,11 

U7.0 

121,0 

117.0 



A.M, 





I KU« 

h:;o 


Hour sStT 

iuiio 

10:00 11:30 

1:3" 


3:30 



Median 

Fig. 5,—The diurnal mnmu oJf recognition «f flguron, 

{Peitfill*e4 word I 

The figures, relatively, are nut greatly changed l.y penalizing 
the subjects for erroneous recognitions, 11: >10 a.m., 1»,v virtue of 
fewer errors, shows a slightly higher efttoieney. while ft;HU pm., 
on aeeount of more frequent errors, allows l<w relative Hlleieuey 
than before. The mean variations of the two last hours of the 
day remain high. The changes brought about by penalizing the 
subjects for errors have resulted in making the curves correspond 
more closely than formerly to the curves of funetions eonsitlered 
(■arlier. 
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Table VI shows the amount of errors made at different hours 
of the day, without regard to the total amount of correct recog¬ 
nitions. The percentage columns show efficiency and do not show 
the relative number of errors; i.e., the larger this percentage, the 
fewer the errors. 4 

TABLE VI. EEEOES IN EECOGNITION 

Showing the Mean and Median Errors Made, with the Relative 
Efficiency at Each Hour 


a.m. P.M. 

-A__A 


Hour. 

Av. Ho. 

8:30 

9:30 

10:30 

11:30' 

1:30 

2:30 

3:30 

4:30 

5:30' 

errors. 

Mean 

2.31 

2.04 

1.78 

1.93 

2.16 

2.40 

1.90 

3.06 

2.50 

variation 

Eelative 

1.13 

1.40 

1.22 

1.76 

1.45 

1.48 

1.27 

1.82 

1.95 

efficiency 

100.0 

112.0 

130.0 

120.0 

107.0 

96.3 

121.5 

75.5 

92.5 

Median. 

Eelative 

2.00 

2.00 

1.50 

1.50 

1.80 

2.15 

1.32 

2.30 

2.00 

Median. 

100.0 

100.0 

A.M. 

133.0 

133.0 

111.0 

93.0 

151.5 

P.M. 

87.0 

100.0 

Hour 8:30 

9:3C 

> 10:30 11:30 1:30 

2:30 

3:30 

4:30 

5:30 



jnj [g. 6 .—The diurnal course of efficiency with regard to decrease 
of erroneous recognitions 


4 The figures showing the relative efficiency are obtained by dividing 
the score for eight o ’clock by the score for any particular hour. 
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The number of errors made seems to decrease during the fore¬ 
noon, the fewest being made at 10:30 a.m., with 11:30 a.m. next 
in order. During the afternoon the smallest number of errors 
are made at 3:30 p.m., with a great many in the 2:30 p.m. hour. 
Although the results are very irregular and the mean variations 
exceedingly high, there is a slight indication that the hours at 
which the smallest number of errors were made were the hours of 
greatest efficiency otherwise. 

VI. Tests in Logical Memory 5 

Tests in logical memory, or memory for ideas, have long been 
used to determine individual differences in mnemonic efficiency, 
as related to age, sex, training, etc. This test differs from the 
preceding tests of memory in two respects; first, material which 
forms a significant whole is used instead of a series of discon¬ 
nected impressions; and second, the reproduction of ideas rather 
than the exact reproduction of sensory forms is required. There¬ 
fore, this is called a test of logical memory, in contrast to rote 
memory. 

One of the familiar texts devised by Healy was used, begin¬ 
ning “If a man finds that his house is on fire, he should look to 
see if it is a large fire, etc. 776 The material is divided into twenty 
parts, each of which is counted one detail, or £ ‘ idea. 7 7 The method 
of conducting the test was carefully explained. The material was 
read slowly, and ample time was allowed in which to write the 
details remembered. One unit of credit was given for the recall 
of each “idea 77 ; thus an accurate reproduction of all the ideas 
would give a score of twenty. The results are given in Table VII. 

The results of this test for logical memory are quite irregular; 
mean and median do not harmonize as closely as usual. The 
increase in efficiency during the forenoon which has generally 
been found to be the rule, does not appear clearly in this func- 

s This test was conducted by Miss Ida A. Felt, a graduate student in. 
psychology, who used the data for other purposes. 

e See Healy, W., and Fernald, G. M., Tests for Practical Mental Classi¬ 
fications, Psych. Monog . (1911), no. 54. 
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TABLE VII. LOGICAL MEMORY 
The Absolute Mean and Median of the Number of Ideas Reproduced 

A.M. F*M. 


Hour. 

"8:40 

9:40 

10:40 

11:40' 

k 1:40 

2:40 

3:40 

4:40 

5:40 

No. of 
subjects.... 

22 

23 

27 

28 

22 

22 

25 

28 

26 

Av. No. 

(1 ideas 3 3 .... 

13.20 

14.40 

14.20 

13.60 

12.60 

13.10 

13.40 

13.50 

12.05 

Mean 

variation 

2.2 

1.4 

2.4 

2.6 

2.4 

1.9 

2.1 

1.8 

1.5 

Mean, 
per cent— 
Median. 

100.0 

13.5 

109.0 

14.5 

107.7 

14.0 

103.0 

14.2 

95.5 

13.5 

99.3 

13.5 

101.4 

14.0 

102.2 

13.5 

91.3 

12.6 

Median, 
per cent— 

100.0 

107.3 

103.7 

105.1 

100.0 

100.0 

103.7 

100.0 

93.3 



A.M. 





P.M. 



Hour 8:40 

9:40 10:40 11:40' 

1:40 

2:40 

3:40 

4:40 

5:46 


Mean— 



Median 




Fig. 7 ;—The diurnal course of efficiency for logical memory 


tion. The maximum of the day appears early, at 9:40 a.m. The 
mean indicates a superiority of 10:40 over 11:40 a.m., but the 
median shows the latter hour to he superior. It will he noted 
that the mean variations for these hours are very large. More 
uniform and more characteristic results appear in the afternoon 
curves. The mean shows an increase from a very low efficiency 
at 1:40 p.m. to an afternoon maximum at 4:40. The latter hour 
is, however, but very slightly superior to 3:40 p.m. The median 
indicates a maximum for the afternoon at 3:40 o’clock. The final 
decrease in efficiency at 5:40 is clear in both cases. The curves 
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fur the afternoon hours, then, eon form fairly closely to the eurves 
fuun<I in tin* ea.se of most other funetious previously considered, 
hut with regard to the forenoon hours the results are not 
harmonious. 


VII. Hummaky ok Kkspi.ts 

The accompanying table and figures show the curves for the 
various funetious that have been considered, grouped for pur¬ 
poses of eompurison. Tin* mean and median of each funetion are 
given as pereentages, and a final average for tin* mean anti median 
figures of all funetious is given. 

TAHLK IX, AM, FUNUTIONH 


Tint Mtus ash Manus, ran cknt, fob thk Various PusmoN* 



A. II. 




IMI* 



Hour*...,...... 

e H*M} PilHI 

lotiio 

11:00 

Tjoti 

;!mui 


4:00 

5:00 

dMdiiorp memory* 








Mima........ 

100,(1 97.5 

98.9 

108.8 

97,4 

94.5 

0H.8 

03,3 

03.8 

Mod Urn .... 

KHMI 103*0 

108.0 

107.0 

i mix 

103.0 

105.8 

101,4 

UU.0 

V fount memory* 








Menu 

100.lt iW.,1 

101.5 

ioi.» 

98.0 

100.1 

101.7 

iou.o 

100.0 

Miitliaii .... 

Bubetitutim, 

100.0 tcm.o 

103.0 

101.5 

96.7 

100.0 

HH.u 

101,5 

190,0 

Mtis ii 

100.0 102.7 

tos.s 

104.8 

96.0 

108.6 

101.5 

101*8 

94,3 

M'fidkn .... 

100,0 101.2 

104.0 

108,4 

95,5 

97*1 

97.7 

97,7 

95,3 

&iwa#niHan, 

(Penalised »mra) 







Menu 

10 O.O 115.7 

HU 

115,7 

306.6 

HIM 

180,0 

mm 

118.5 

Medina.... 

100*0 1 0M.0 

117,0 

118.0 

911,4 

99.0 

117,0 

181.0 

U7.0 

Loffieal memory* 








Mftim 

100,0 109.0 

107.7 

108.0 

95.5 

iij 

tou 

108.8 

91,3 

Madina.... 

1 0041 107,1 

103,7 

105.1 

100.0 

100.0 

108.7 

100.0 

98.8 

Avaraget 

100.0 104.3 

106.5 

mm 

08,7 

100,0 

105.1 

104.8 

100.4 


* The hours nt which the series of tents were begun is given here. The 
actual time at which cacti test was given can tie obtained from Table* I to 
VIM above, 

t Average of means and medians at all funetion*. 


The existence of many irregularities and tluetuatious in the 
various curves is at once evident.. Yet when one overlooks these 
minor differenees, it can he seen with equal elearness that tliere 
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is throughout a great similarity in the general form of the curves. 
The average curve shows the characteristic trend of all those of 
which it is made up. Beginning at 8 a.m. the curve moves 
steadily upward until it reaches a maximum between 10 and 11 
o’clock. In the average curve, 10 o’clock surpasses 11 o’clock 
slightly; a fact which is shown by some of the individual curves, 
while others show the opposite. Compared to the later afternoon 
hours, 1 P.M., in the average figure, is very low; in fact, it is the 
time of minimum efficiency of the day. All of the individual 
curves agree in showing 1 o’clock to be a poor hour. From the 

1 o’clock minimum, the average curve moves upward to an after¬ 
noon maximum at 3 o ’clock and then tends downward again until 
the last hour of the day, which shows an efficiency about equal 
of that of the first morning hour. There are many departures 
from the central tendency; some curves, for example, show an 
afternoon maximum at 3 o’clock, others at 4, and in some eases 

2 p.m. stands very high; but all show more or less definitely the 
characteristic wave of efficiency. 

In an earlier section (p. 325), a table was made showing the 
distribution of the individuals taking part in the experiment 
according to their preferred hours for study. A part of the 
table is reproduced here. 


A.M. 


Honr . 6*00 7*00 8:00 9:00 10:00 ll:0(f 

Inds. 36 42 109 137 87 38 

P.M. 

_A_^ 

Honr . 1:00 2:00 3:00 4:00 5:00 6:00 

Inds. 5 2 2 11 12 5 


In the light of the results we have just obtained, it appears 
that the subjects’ estimates of their best hours are very often 
incorrect. Too few chose the best hours, 10 or 11 a.m. ; too many 
chose too early an hour; and very few appreciate the efficiency 
of the afternoon hours, noticeably 3 o’clock. The conclusion is 
that one’s subjective feelings with regard to the time of greatest 
efficiency are not reliable indications of real efficiency. The 
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organism may be able to produce the greatest amount and the 
best quality of work at a time when feelings of fatigue and 
kindred factors lead us to believe that our efficiency is low. 


VIII. Co MI' ARISON WITH ReSUI/I’S OBTAINED BY OTHER 
Investigators 

The literatim* of the subject of diurnal variations in efficiency 
can be found in summarized form in two monographs. 7 But 
briefest mention can Ik* made here of a few of the more extensive 
pieces of work. 

Marsh, in tests of arithmetical ability, memory, attention, and 
perception, found that, as a rule, the mid-day periods (12:00- 
:00 I'.M.) were superior to the afternoon periods (4:00-7:00 
l\M.), which wore superior to the morning periods (7:00-0:00 
a.m.). Winch" found memory bettor in the late forenoon (9:45- 
10:05 a.m.) than in the afternoon (4:00-4:20 e.M.); and better 
in the afternoon than in the early morning. Robinson," in 
arithmetical work, found a rise in efficiency during the forenoon, 
culminating at lO:MO a.m., with a noticeable drop at 12:30 jam., 
and a subsequent rise until 2:00 i>.m. Ilollingworth,’ 1 ’ in tests 
l’or various functions, found a low efficiency at. the beginning of 
work, then a grailual increase followed by a period of low effici¬ 
ency. Ilollingworth’s results and his interpretation of them are 
riot, in accord with the present findings. The present writer, in 
iris earlier study," obtained results from tests on school children 
which agree in most respects with the present findings. 

7 Marah, II, I)., The Diurnal (Journo of KflJeioncy, Oolum. Unw* Contr. 
Phil ox., vol. 1*1 (1900), no. 5. Paten, A, I., Variation in Fllieitmey during 
tho Day, etc,, Univ. Calif, Puhl Pxychol, vol, 2 (11)10), no. 1. 

H Winch, W. II., Mental Fatigue in Dnv-Hchool Children as Measured by 
Immediate Memory, Jmmi. till Pxi/rh., Vol. 0 (1912), pp. 18-29, 75-82; 
IMontal Adaptation during Urn Hchool Duv, daunt. Ed, Pxyrh., vol. 4 (1915), 
pp. 17-28, 7b 84. 

v Kobinson, 1,. A,, Mental Fatigue ami School Fllicienev, Publ Winthrop 
Norm, and tndux . ('all E. C„ vol. 5 (1912), no. 5, 

10 Hollingsworth, H, L., Varialions in Fillc.ioney during the Working 
I^ay, Pxyrh. Rev., vol. 21 (1914), pp. *178 492. 

11 Lor. oil 
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The curve of efficiency found by Robinson, characterized by 
an increase during the forenoon, a fall following the lunch hour 
and a subsequent increase in the afternoon, is borne out by the 
present findings, as are also the results of Marsh, showing the 
superiority of the mid-day period over afternoon and morning 
periods, and "Winch’s results, showing a relatively great efficiency 
in the late forenoon. The present piece of work has produced no 
evidence in support of Hollingworth’s results. 12 However, when 
heed is given to numerous factors, such as climate, habits of life, 
the character of tests employed, the methods of testing, and so on, 
which may differ with the different investigations, it is not sur¬ 
prising that they should lack entire harmony. On the contrary, 
the degree of uniformity which does exist is surprising. 


IX. Conclusions 

The facts that have been brought forth by this study indicate 
the existence of a diurnal course of efficiency in an important type 
of mental activity. Prom the early morning the efficiency of the 
organism begins to increase, culminating in a maximum in the 
late forenoon, followed by a decline immediately after the noon 
meal, with a subsequent rise until the middle of the afternoon, 
or a little later, and a final drop in the late afternoon. 

Such is the broad rhythm found with fair regularity for 
groups of individuals. But it must be admitted that within this 
general trend exist numerous variations among the individuals. 
Differences in daily habits of life, in the physical and mental 
make-up, and in external conditions account, in a large measure, 
for such variations. Each individual, to profit most thoroughly 
from the knowledge of the nature of his daily rhythm of efficiency, 
should determine it by experimental methods for himself. 

The demonstration of such a diurnal rhythm carries with it 
the suggestion that psychological and physiological investigators 

12 Hollingwortli's results have been discussed in the writer's earlier 
paper. 
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should take into consideration more carefully than heretofore the 
fact of periodicity in individuals. The results of experiments 
conducted at different hours of the day are in danger of being 
disturbed by large errors due to diurnal fluctuations. One who 
reads the literature of years of investigation for the purpose of 
measuring mental fatigue can readily see the possibility that 
diurnal variations in efficiency have probably been a prominent 
cause of conflict in the findings. 

Yet the application of the fact of diurnal rhythms to the 
problem of fatigue is difficult. This is due to the fact that the 
curve of efficiency, as we have found it, is influenced by the effects 
of fatigue, incitement, adaptation, and other factors. The sub¬ 
jects working at 10 a.m. in our experiments were doubtless labor¬ 
ing under greater fatigue than those who worked at 8 a.m., yet 
in spite of greater fatigue their efficiency was higher. If they 
had been equally fresh, their efficiency might have been consider¬ 
ably higher still. Just what part fatigue, feelings of fatigue, 
lack of interest, adaptation and such factors play, it is impossible 
to say. 

The fact is significant that the hours of greatest efficiency are 
those at which fatigue, it would seem, should be very great. We 
have found in the present study, moreover, that most persons, 
basing their judgments largely on their subjective feelings, did 
not select as their best hours for study those which actually stood 
highest in efficiency according to the tests. Thorndike, 13 in sum¬ 
marizing the investigations bearing on this point, concludes: ‘ 4 The 
feelings of fatigue, from what we know of them, thus seem to be 
a very poor symptom of the loss of ability . 9 9 An opportunity is 
afforded us to profit by such information. The feelings of weari¬ 
ness which become more insistent as we indulge them might be 
made more and more to disappear, provided the organism is in 
healthy condition, if we work on in spite of them. A man must 
be trained to meet situations where he must put forth more than 
the customary amount of effort. He should, by practice in the 
voluntary disregard of mere feelings of fatigue, learn the limits 

13 Thorndike, E. L., Educational Psychology, vol. 3, part 1, p. 107. 
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of his ability and by so doing attain greater assurance, and, by 
virtue of this, greater efficiency. 

The drop in efficiency following the mid-day meal has been 
the most consistent aspect of the curve that has been found. No 
exception to tMs rule occurs in the ease of any function, and the 
average results show that the minimum efficiency of the day 
occurs at this hour. Since the returns for labor at this time are 
relatively so small, it would seem that an hour or two, following 
the noon meal, could be wisely spent for rest or recreation. 
Plenus venter non studet lib enter is a maxim to which the student 
should give more heed. Such was Offner’s firm conviction when 
he wrote: 14 “It is, accordingly, one of the most justifiable de¬ 
mands of school hygiene that the afternoon session . . . should 
begin, at the very least, two hours after the noon meal, i.e., at 
3 o'clock and not at 2 o’clock." Such an implication is not 
altogether clear, however, because the exact causes of diminished 
efficiency at this time cannot be accurately determined. The 
physiological effects of the mid-day meal are, perhaps, not the 
only influences at work. It may well be that relaxation or mere 
cessation of work causes the state of adaptation, attained during 
the forenoon exercise, to subside: and high efficiency can again 
be attained only by means of another process of “warming up." 
If such is the case, the exact time at which work is renewed would 
not be so important a consideration. It was found, moreover, in 
the earlier investigation, 15 that efficiency in functions of the motor 
type was quite high soon after lunch. Such school subjects as 
drawing, painting, modeling, writing, manual arts and the like 
might be profitably pursued during the early afternoon hours. 

14 Offner, M., Mental Fatigue, translated by Whipple (1911), pp. 88-89. 

is Variations in Efficiency, etc., Univ. Calif. Publ. Psychol., vol. 2 (1916). 


Transmitted October 28, 1915. 
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CORRELATIONS AND SEX DIFEERENCES 
IN MEMORY AND SUBSTITUTION 

BY 

ARTHUR I. GATES 

One hundred and ninety-seven students, members of a Alagg 
in elementary psychology, were tested during the academic year 
1914-15 for memory of visual and auditory digits, memory of 
verbal sense material, recognition of geometrical figures, and 
learning in a substitution (code) test. The results of the experi¬ 
ment were first used for other purposes. This paper presents 
the correlations of these tests, together with the distribution of 
the individuals and sex differences in the several functions. 

The material and method of procedure have been described 
elsewhere 1 and will be given here only in brief. Three full days 
were required to complete the experiments. The tests were given 
to groups, each including from six to fourteen subjects, at each 
hour of the day, the first beginning at 8 a.m. and the last at 
5 p.m., with exception of the hour from noon to 1 p.m. The time 
required for all the tests at any single sitting was about half an 
hour. The tests were given in the following order: 

1. Auditory digits. Eight series, of from four to twelve digits 
each, were read successively at the rate of one each three-fourths 
of a second, beginning at the shortest series. Computations are 
based on the “span” of each individual. 

2. Visual digits. Eight similar series were prepared on strips 
of cloth, each series being exposed as a whole, the time of ex- 

1 Diurnal Variations in Memory and Association, Univ. Calif. Pull. 
Psychol., vol. 1 (1916), pp. 323-344. 
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posure being determined by multiplying the number of digit* 
in the series by throe-fourths of a seeoiid. The computations art* 
based on the “span.” 

3. Substitution (code) test. A modification of Dearborn’s 
code test containing 250 symbols was used. Six minutes were 
allowed for the test. Computations are based on the number of 
symbols correctly transliterated. 

4. Recognition of forms. Twentydive geometrical figures 
were studied one minute, followed by a two minute test, during 
which the recognized forms were cancelled from a second sheet 
containing the original and twenty dive new figures, 

5. Verbal memory. The “House on Fire" f<*\t was rend. 
Computations show the number of details remembered, 

1. DlHTKUUrriON ok Imuvuu 

Table I shows the distribution of the individuals in the sev¬ 


eral functions. 
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The graphs A-E are based on Table 1, the scales reading from left to 
right representing the ranges from least to greatest abilities. The vertical 
heights represent the number of individuals. A. Auditory Memory (digits). 
B. Visual Memory (digits). C. Substitution. D. Recognition. E. Auditory 
Memory (connected ideas). 
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Figure 1 shows graphically the distribution of individuals. 
On the whole the figures do not differ greatly from the “normal” 
or “chance” form of distribution. Figures A and B, for audi¬ 
tory and visual memory respectively, approximate the “normal” 
distribution quite closely. Figure C, for the substitution test 
is fairly regular, and likewise figure D, for the recognition test’ 
except for the depression just where the mode would be expected.’ 

Figure E, for auditory memory of verbal sense material, is skewed 
toward the upper end. 


2. Correlation op Tests 

Coefficients of correlation were computed by means of the 
familiar formula: 

, 6 2D 2 

r n(n 2 — 1) 

Table II gives the correlations for the 197 subjects. 


TABLE II 

Visual 
Memory 
(digits) 

Visual memory (digits) . 


Auditory memory (digits) _ +0.41 

Aud. memory (connected ideas) +0.07 

Beeognition . +0.21 

Substitution . +0.19 

Average . +0.22 


Auditory 

Memory 

Auditory 

Memory 

Recog- 

Substi- 

(digits) 

(ideas) 

nition 

tution 

+0.41 

+0.07 

+0.21 

+0.19 


+0.25 

+0.25 

+0.26 

+0.25 


+0.09 

+0.28 

+0.25 

+0.09 


+0.34 

+0.26 

+0.28 

+0.34 


+0.29 

+0.16 

+0.22 

+0.26 


The correlations are all positive, but are for the most part 
low. The highest coefficient +0.41, existing between visual and 
auditory memory, might be expected. The coefficient of +0.34 
between recognition and the code test is next in order of magni¬ 
tude, followed by +0.28 between verbal memory and the code 
test. The lowest correlations are +0.07 and +0.09, the former 
between verbal and visual memory and the latter between verbal 
memory and recognition. On the whole the correlations with 
the auditory memory test were highest (average +0.29), closely 
followed by the code test (average +0.26), with the recognition 
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test and the visual memory test (average +0.122 in each ease) 
next in order, and lastly the verbal memory test, whose average 
coefficient was but +0.16. 

3 . OOKUKLATIONS FOlt TUK Sk.XES Ski>AH;VTKI,Y 
Table III shows the correlations Tor the two sexes taken 
separately. 
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( 0.17 
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f 0.10 

( 0.17 
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The separate correlations for the sexes are strikingly similar. 
The coefficient; between visual and auditory memory is highest, 
for both sexes and that for verbal memory and visual digits is 
lowest. A Pearson coefficient, of - | 0.54 exists between the order 
of these single correlations for the sexes. For the women, the 
auditory digit; test, has the highest, average correlation with all 
others, while in the casts of tin* men the recognition test leads. 
Verbal memory tuts the lowest average eorrelation for both sexes. 
A Pearson coefficient of -j 0.41 is found between these average 
correlations for the sexes. 


iniiiwmuTiiiin nniin 










350 University of California Publications in Psychology [Vol. l 

The correlations of the men are larger in nearly every case, 
the only exceptions being the correlation between substitution 
and visual digits, in which the women show the larger coefficient, 
and the correlation between verbal memory and auditory digits, 
in which the sexes are equal. 

4. Sex Differences in Efficiency 

Table IV gives the mean score obtained by the sexes separ¬ 
ately and a relative score using a score of 100.0 for the women 
as a basis. 


TABLE IV 

Score of 



ri - 


Relative 


134 women 

63 men 

score, men 

Visual memory (digits) . 

... 8.107 

8.0 

98.6 

Auditory memory (digits) . 

... 7.54 

7.48 

99.7 

Auditory memory (connected ideas) 

... 13.7 

12.6 

91.9 

Recognition. 

... 12.7 

12.8 

100.7 

Substitution . 

... 172.8 

178.9 

103.5 


The results, so far as the memory tests are concerned, are in 
harmony with the generally accepted belief, i.e., that women 
excel in this kind of work. The amounts by which the women 
excel are small, except in the case of verbal memory, in which 
they surpass the men by 8.1 per cent. The men excel slightly 
in the substitution test, but the difference is not great. 

5. Summary 

1. A fairly uniform distribution of individuals is found for 
the several functions. 

2. Positive correlations ranging from +0.07 to +0.41 are 
found between the functions. 

3. The correlations for the sexes separately are very similar, 
although those for the men are higher in nearly every case. 

4. The women excel slightly in the memory tests, while the 
men are somewhat superior in the substitution test. 


Transmitted February %6, 1916 . 
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